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wound with resistance varying from I 
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of these new instruments in a laboratory. 
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Our services 
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both of Lehigh University 
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Volume XX VII, October, 1908. Number 4 


THE 


PHYSICAL REVIEW. 


NEW GROUPS OF RESIDUAL RAYS IN THE LONG- 
WAVE SPECTRUM.' 


By E. F. NicHo_s AND WILLIAM S. Day. 


HIS paper contains an account of the measurement of the mean 

wave-lengths of residual rays from four substances, three of 

which have not been experimented with before. The apparatus 

used is also described, including a Nichols radiometer of recent 

pattern. The substances examined and the mean wave-lengths 
found are as follows: 


Rock salt (sodium chloride), A=52.3 44 
Ammonium chloride, A=51.4 
Witherite (barium cabonate), A=46.0 pt 


Strontianite (strontium carbonate), A=43.2 4 


APPARATUS. 

The general method of making the measurements can best be 
explained by reference to the accompanying diagram, Fig. 1, which 
represents a horizontal plan of the arrangement of apparatus. A, 
the source of light, consisted of a number of Nernst glowers,usually 
five, held in a porcelain holder. The current was supplied at about 
a hundred volts by a storage battery. Each glower required from 
0.7 to 0.8 ampere. 

As the source of light and the entire apparatus were enclosed in 
the same glass case, it was necessary to remove some of the heat 


1A paper read before the American Physical Society at the Washington meeting, 
April 25, 1908. 
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developed by the glowers by means of a cylindrical, double-walled 
water-jacket B through which a stream of tap-water flowed. The 


— 


M, 
4S 


[ 


rig. 1. 


dotted lines represent the path followed by the rays examined. J/, 
was a concave silvered mirror. .S, and S, were two surfaces of the 
substance whose residual rays were to be examined. 

Between the silvered mirror and the first surface there was a shut- 
ter, not shown in the diagram, which was operated by an electro- 
magnet. By means of it the radiations could be admitted or shut 


off at will. C was the first slit of a reflecting spectrometer of the 


Rubens type. <A real image of the glowers was projected on the 
plane of the slit by the mirror J/, after reflection from the surfaces 
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S, and S, as indicated. 17, the first spectrometer mirror, was so 
adjusted that the diverging rays from any point of the slit were 
rendered parallel after reflection. 2 was a transmission grating 
made of constantan wire, the axis of the wires being about 0.5 mm. 
apart. The diameter of the wire itself was about half the grating 
space, being 0.26 mm. This grating was made by winding the 
wire on a rectangular brass frame as on a reel, on the outer edges 
of which grooves had been cut by a screw-cutting lathe to receive 
the wire. The wires having been tightened by an adjustment in the 
frame for this purpose, were soldered in place’and cut away at the 
back. J, was a plane silvered mirror standing vertically on the 
prism table of the spectrometer, the axis of the spectrometer 
lying in its reflecting surface. It was by the angular displacement 
of this mirror that the angular deviations of the diffraction spec- 
tra were measured. Since any angular displacement of a mirror 
makes a doubly great angular displacement of a reflected ray, it 
is necessary in measuring the angular deviation of a diffracted 
beam, to turn the mirror through an angle equal to only half 
the actual angular deviation, in order to throw the diffracted 
image on the second slit. J/, was the second concave silvered 
mirror of the spectrometer and was adjusted to throw an image 
of the first slit upon the second. Both slits were maintained 
throughout the experiments at a constant width of approximately 
6mm.’ After leaving the last slit the radiations fell successively 
on the plane silvered mirror J/, and three surfaces S,, S,, S,, of 
of the substance under examination, from which they diverged un- 
til they reached the concave silvered mirror J7, which finally formed 
an image of the second slit on one vane of the radiometer RX. The 
diagram shows another surface Q, attached to the mirror J/,, an 
arrangement used in measuring the reflection coefficients of a num- 
ber of substances, not mentioned in this paper. 

There were two reasons why the surfaces examined were divided 
into two groups separated by the spectrometer, instead of being 
placed in one group, as has been usual heretofore. By this arrange- 
ment smaller surfaces could be employed, as they could then be 


' Rubens and Aschkinass used slits of 1 cm. width in their experiments on rock-salt, 
and 1.6 cm, with sylvite. Wied. Ann., 65, p. 241, 1898. 
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: placed nearer the points where the images were formed, and it was 
: much easier to secure suitable specimens for the smaller surfaces 
required. The second reason was that the difficult process of ad- 
justing the surfaces was in this way much simplified. After five 
successive reflections on surfaces as imperfect as some of those used 
in the present experiments, the visible light was so far diminished, 
after its passage through the spectrometer, that it was too faint to be 
seen. But by temporarily replacing S, and S, by silvered mirrors, 
the remaining surfaces S,, S, and S, were easily adjusted when the 
spectrometer was set for the central image of the grating. The 


f visible image of the second slit could thus be accurately set and 
focused on the radiometer vane by the mirror J/,.. The silvered ke 
mirrors were then replaced by the surfaces S, and S,, which reflected 
a visible beam easily followed through the spectrometer to the second 

slit, making the complete adjustment a comparatively easy matter. 

Quite a number of screens not shown in the diagram were used to 


keep stray radiations from affecting the radiometer. To shield it 
- also against chance drafts of air of varying temperature, which would 
make the zero unsteady, it was enclosed in a thin box with two 
openings, one to admit the beam from the spectrometer, the other 
to permit the observation of deflections. 

The whole apparatus except the spectrometer stood on a wooden 
: shelf, 75 cm. by 150 cm., supported by brackets from the brick 
wall of the laboratory. The spectrometer was supported ona stand 
which rested on the floor of the laboratory. Holes were cut in the 
shelf for those parts of the spectrometer which projected above it. 
By means of sheet rubber, oil-silk and rubber cement, the openings 


were made secure against the admission of water-vapor. The prism 
; table could be rotated and the divided circles could be read from 


. the outside. The glass case referred to above was a show case of 
the same length and breadth as the shelf, and 75 cm. high. Its 
location is indicated in Fig. 1 by the heavy border line, the light 
line representing the edge of the shelf. It was mostly supported 
by a cord with pulleys and a counterweight, so that it could be 
raised or lowered with little effort. The purpose of this case was 


to exclude water-vapor from the path of the rays and from the sur- 
faces, as the experiments of Rubens and Aschkinass showed that 
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water-vapor absorbs very strongly radiations of long wave-length. 
The air under the case was kept dry by trays of calcium chloride, 
and leakage between the case and the shelf was prevented as far as 
possible by oil-silk cushions stuffed with cotton. 


RADIOMETER. 


The metal work of the radiometer was made by Wm. Gaertner 
& Co. of Chicago from the designs of one of the writers. Fig. 2 
shows its main features. It consisted of four distinct parts, the 
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suspended system with its adjusting mechanism, the main body of 
the instrument, the glass cover, and the tripod stand. The con- 
struction of the suspension and the reasons underlying it have un- 
dergone no essential modification since the first radiometer of this 
type was built." The dimensions of the vanes aa’, their distances 
from the rotation axis, and the choice of the black material with 
which they are coated, depend upon the special purposes for which 
the radiometer is to be used. The suspension in the present ex- 
periments carried vanes about 5 mm. long by 1.5 mm. wide, their 
centers lying about 2.2 mm. from the axis of rotation. The vanes 
were coated with black iron oxide, which is a far better absorber 
for very long waves than lamp-black. 

The body of the radiometer consisted of a rectangular brass 
block of square section, 18 cm. high, and 7 cm. broad and long, 
with a hollow cylindrical Boring extending axially from the top 
nearly to the bottom. Outside underneath was a cylindrical stud, 
which rested in a corresponding socket in the tripod base 4, and 
was held in place by a screw and washer underneath. This allowed 
an adjustment in azimuth after the tripod was permanently fixed. 
The tripod base was provided with leveling screws. The top of the 
brass body was ground plane and was covered by a glass bell also 
ground, from which went the tube to the mercury air-pump. Near 
the bottom of the radiometer were three openings. The lower one 
C was opposite the mirror of the suspended system, and was cov- 
ered by a piece of plate glass cemented on. The angular deflec- 
tions of the suspended system were observed through this window 
by means of a telescope and scale. The plane of the window was 
tilted so that the reflections of the scale from its surface should not 
interfere with the reflections from the mirror. Above this window, 
but on the two sides adjacent to it, were two opposite openings D 
in front of the vanes, and £ behind them. Through the front 
opening passed the radiations to be examined, and through the 
other the vanes could be inspected and the visible radiations ad- 
justed so as to fall on one of them. This second opening was cov- 
ered by cementing a piece of plate glass over it. The front open- 
ing, as shown at J in Fig. 2, was arranged so as to be near the 


'E. F. Nichols, PHys. REv., 4, p. 297, 1897. 
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vanes, which hung in the center of the instrument. A glass, rock- 
salt, fluorite, or other plate, was fastened as shown at the inner end 
of a short tube or thimble, suitable rubber washers being used to 
keep the joints air-tight. This thimble was screwed into the radi- 
ometer and could be removed without disturbing the packing of the 
transparent plate, and another like it with a different plate already 
mounted, could be readily substituted. In these experiments a 
quartz plate 0.5 mm. thick was used, and the thimble in which it 
was fitted had a vertical cross-bar in the center to support the plate 
against the atmospheric pressure. 

The adjustments adopted for the suspended system are these : 

1. Raising or lowering the suspended system. 

2. Changing the sensitiveness and the period by lengthening or 
shortening the fiber. 

3. Changing the zero. 

4. Changing the distance of the vanes from the window. 

These adjustments were all provided for in the improved radi- 
ometer, and could be made after the system was in position before 
the glass cover was put on. The suspension could be raised or 
lowered by sliding the split brass tube /, Fig. 2, up or down in its 
sheath, or by turning the milled head G, which by means of an 
endless cord turned the pin 47. On this pin the quartz fiber was 
wound on a groove at the center. By making use of both these 
methods of changing the height of the suspension, the length of the 
fiber could be changed, and thus the sensitiveness and period of the 
instrument, without changing the position of the vanes in front of 
the window. The zero could be changed by rotating the tube / 
The block /, which held the tube, had a forward and backward 
motion in a slot, and was moved by the milled head A which ro- 
tated a pinion engaging a ratchet attached to the movable block. 
In this way the suspension could be moved so as to bring the vanes 
to any required distance from the window. The whole apparatus 
for adjusting the suspension rested on the ledge Z, and could be 


taken out at will. 

In the bottom of the radiometer a small quantity of some low- 
grade radioactive salt was scattered. This was for the purpose of 
removing any static charges on the suspension caused by accidental 
contact with the window or other part of the instrument. 
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The radiometer was continuously connected with a mercury air- 
pump throughout the experiments, and the pressure kept at from 
0.04 mm. to about 0.08 mm. of mercury while observations 
were being made. 

The flange of the glass cover and the stop-cocks were smeared 
with Ramsay's preparation made by melting together equal parts by 
weight of vaseline, paraffine and soft rubber.' 


OBSERVATIONS AND MEASUREMENTS. 

The wire transmission grating already referred to, was calibrated 
optically with sodium light, and also by linear measurements on a 
dividing engine. In the optical calibration the grating was placed 
on a spectrometer and adjusted. Proceeding outward on either hand 
from the central image, only spectra of the odd-numbered orders at 
first appeared. Later the even-numbered spectra of higher orders 
were seen, at first faintly but with increasing intensity, until after 
the eleventh order, spectra of even orders were more intense than 
those of the odd. For purposes of optical calibration the deviation 
of the spectrum of the 16th order was employed. The grating 
constant deduced from these observations was 0.5081 mm. The 
grating was afterward placed on a dividing engine and the space 
occupied by 40 wires measured. The grating constant thus deduced 
was 0.5083 mm. A mean value, 0.5082 mm., was used in the com- 
putations. 

In making a measurement of the mean wave-length of residual 
radiations, after the spectrometer and surfaces had been adjusted as 
previously described, measurements of the energy of radiation as 
indicated by the radiometer were made, first with settings of the 
spectrometer in the neighborhood of the central image at intervals 
of about 10’ or 15’ as read on the divided circle. A single obser- 
vation consisted of three readings, first a reading of the scale when 
the radiometer suspension was at rest, then, the shutter being held 
open until the full deflection was reached, a second reading was taken 
and the shutter closed ; finally the point to which the index returned 
was noted as the third reading. The deflection corresponding to 
these three readings was taken to be the difference between the 
second reading and the mean of the first and third. The number 


1 Any grease or wax surface is rendered much more impervious to the passage of air 
if glazed by passing a hot rod over it. 
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thus obtained was considered as a single observation, and the mean 
of several such observations gave the ordinate of a point on the 
energy curve, as shown in the curves in Figs. 3 and 4. 

After obtaining points in this way for the central image, the ap- 
proximate location of the maxima of the two spectra of the first 
order was determined by preliminary observations, and then a series 
of observations was made in the neighborhood of each of the diffrac- 
tion images beginning either at the maximum and taking points 
alternately on opposite sides about 10’ apart until the base of the 
image was reached, or beginning similarly at the base and approach- 
ing the maximum by taking points alternately on opposite sides. 
From each set of observations of this kind for any one substance, 
curves were drawn as shown in Figs. 3 and 4. The curve repre- 
senting the central image and the location of its maximum were of 
comparatively small importance. In drawing the curves representing 
the distribution of energy in the diffraction spectra, the observed 
points were plotted and connected by a smooth curve, the position 
of the maximum of which was taken as the position of maximum 
energy. The positions of these maxima are however subject to a 
possible correction owing to the increasing transmission with increas- 
ing wave-length of the quartz window of the radiometer in this region 
of the spectrum. Quartz is known to be quite opaque between 4.5 
and 24.4. Farther out it becomes more and more transparent for in- 
creasing wave-lengths. This changing transmission may have the 
effect of distorting to some extent the shape of the curves by short- 
ening the ordinates on the short wave side. The effect of such an 
error would beto shift the maxima to longer wave-lengths. Meas- 
urements of the transmission of a thin quartz plate, which was about 
79 per cent. for A = 52 4, 71 per cent. for 4 = 46» and OI per cent. 
for 4 = 43 #4, show that this error is small. 

The difference between the spectrometer readings of the diffrac- 
tion maxima on each side of the central image was taken as the 
true deviation, on account of the doubling due to the plane mirror 
already referred to. In this way the wave-length was calculated 
by means of the formula 

ni =asin§, 


where 7 = the order of the spectrum, in this case always 1, 
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to 
we 


4 = the wave-length, 
. a=the grating constant = 0.5082 mm., 
# =the angle of deviation. 


Three complete sets of measurements were made with rock-salt, 
the first two with an earlier arrangement of apparatus that had no 
provision for the exclusion of water-vapor from the path of the 
radiations. The three values of the mean wave-length obtained 
were 51.7 4, 52.9 and 52.44. The mean of these values was 
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Fig. 3. 

52.3. The third observation should be given the greatest weight 
as a better arrangement of the apparatus gave more than twice the 
radiometer deflection obtained in the first two. The mean of the 

first two, however, happens to be very close to the third. 
Rubens and Aschkinass with an arrangement less favorable for 
getting good deflections, and with a slit width in the spectrometer 
of 1 cm. found 51.2 4 forthe mean wave-length of these residual rays. 
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’ Three sets of experiments were made with the mineral witherite, 
which is barium carbonate. The first set was made with the prelimi- 
nary arrangement of apparatus mentioned above, but the other two 
after the adoption of the glass case covering the whole apparatus. 
The values obtained for the mean wave-length were 45.0 #4, 
46.8 # and 46.2 4, the mean of the three being 46.0. It is prob- 
able that more weight should be given to the last two sets. The 
mean of these two alone is 46.5 4 Witherite has at least one 
other group of residual rays beside the one given above, and for 
this reason the central image has a very large amount of energy 
compared with that in the diffraction spectrum of the first order, as 
is shown in the curve in Fig. 3, which represents a single set of 
observations. It would be even greater than is shown by the curve 
if it were not for the heavy absorption by the quartz radiometer 
window at this point.'. The curve shows indications of the diffrac- 
tion spectrum of the third order for these other residual rays at 
6.86 # measured by L. B. Morse.? The presence of much shorter 
wave-lengths in the central image is shown by the fact that about 
58 per cent. of the energy of the central image, so far as is indicated 
by the radiometer, is transmitted through a sylvite plate 5 mm. thick. 
In the diffraction image the total amount of energy was so 
small that the percentage transmitted by the sylvite plate could not 
be determined, but if there were any it was less than 8 per cent. 
This was to be expected from the known absorption of sylvite 
which is heavy beyond 20 yp. 

Four sets of observations were made with ammonium chloride, 
all under the improved arrangement of apparatus. The surfaces 
were prepared from the large solid masses of crystals of commer- 
cial sal-ammoniac. The values obtained for the mean wave-length 
were as follows: 51.2 4, 51.7 4, 51.4, 51.4 4. The mean value is 
51.4. The energy of the central image was mostly in waves of 
this wave-length as only about 13 per cent. of it was transmitted 
through a sylvite plate 5 mm. thick. 

Three sets of observations were made with the mineral strontian- 
ite (strontium carbonate). The values obtained for the mean wave- 


1E. F. Nichols, PHys. REV., 4, p. 297, 1897. 
2L. B. Morse, Astroph. Jour., 26, p. 225, 1907. 
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length were: 


43.2 
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43.1 4, 43.7 4, 42.7 4, the mean of the three being 


Attention should be called to the fact that the three chlorides 
whose residual rays are known, potassium chloride, sodium chlo- 


S lronfianite 


Strontium carbonate 


? 
3 2 
5 
| 
Ammoniwm chloride 
> 3 | 2 
| | 
| 
|AC | 
| _ 
zcm 
d 
} 
= - J 
3 2 1 Qo 1 2 3 
Fig. 4. 


ride, and ammonium chloride, have bases whose atomic weights, 39, 


23 and 18, lie in the same order as the wave-lengths, 61.1 4, 52.3 4 


and 51.4 4. 


In the light of recent experiments by Pfund,' Coblentz ” 


and Morse * this series points to chlorine as the active ion in the long- 
wave spectrum of the chlorides, and casts doubt upon Aschkinass'’s * 


A. 


Pfund, Astrophys. Jour., 24, p. 19, 1906. 


* W. W. Cobleatz, Jahr. d. Radioakt. u. Electron., 4, pp. 7-78, 1907. 
*L. B. Morse, Astrophys. Jour., 26, p. 225, 1907. 
*E. Aschkinass, Ann. Phys., 1, p. 42, 1900. 
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earlier surmise which made sodium and potassium the active ions in 
sodium and potassium chlorides in this remote region of the infra- 
red spectrum. The wave-lengths of the residual rays from stron- 
tium and barium carbonates also lie in the order of the atomic weights 
of the respective bases. : 

The writers take pleasure in acknowledging their indebtedness to 
Dr. S. R. Williams and Mr. C. S. Brainin for their assistance in 
helping with some of the observations, and to Mr. Ernst Werndl 
for the drawings of the radiometer. 


PH@NIX PHYSICAL LABORATORIES, 
CoLUMBIA UNIVERSITY, NEW York, June, 1908. 
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SOME ELECTRICAL PROPERTIES OF SILICON. 
By Frances G, WICK. 


IV. Tue Etecrro-Morive Force oF CELLS IN WHICH SILICON 
Forms ONE ELECTRODE. 


‘ts IE fourth paper of this series ' upon the silicon produced by the 

Carborundum Company consists of a consideration of the 
action of this substance as one of the electrodes of a voltaic cell in 
combination with various metals and electrolytes. 

Simple cells were made up of the two electrodes supported in 
such a way that they dipped into an electrolyte which was con- 
tained in a small beaker. 

The connections to the silicon rod were made by fine copper wire 
closely wrapped around the rod or by copper plating the silicon and 
soldering aconnection to this. For the measurement of E.M.F. on 
open circuit, the kind of connection was not important. For cells 
to which various battery tests were applied, the soldered contacts 
were used since they gave a resistance which was less variable. 

In these experiments a number of different rods were used. One 
lot was about 3 mm. in diameter cast by Mr. Heath. The thermo- 
electric power and resistance of this same set of specimens had been 
measured as described in previous papers. The other rods used 
were cast by the author from silicon sent in bulk by the Carbo- 
rundum Company. The material, contained in a graphite crucible, 
was fused in a resistance furnace and poured into split graphite 
moulds about 6 mm. in diameter. 

Cells were made up of various combinations with silicon and the 
E.M.F. on open circuit measured. At first a potentiometer was 
used for this purpose but subsequent experiments, showing that some 
of the cells polarize quickly, indicated that the E.M.F. might change 
slightly even in the short time required for making settings of the 


1 Wick, Frances G., Puys. Rev., Vol. XXV., No. 5, Vol. XXVII., No. 1, Vol. 
XXVIL., No. 2. 
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potentiometer. For this reason a different method, which consisted 
of the charge and discharge of a standard condenser, was employed. 
This method was rapid and also possessed sufficient accuracy. 

A standard mica condenser whose capacity could be varied 
from .1 to I microfarad was connected with a sensitive Sullivan gal- 


vanometer of about 1,100 ohms resistance as shown in Fig. 1. The 


Fig 1. 


condenser was charged from the standard cell and discharged 
through the galvanometer by means of a double throw switch. The 
same process was repeated, substituting the cell to be tested for the 
standard cell. The electromotive forces were in the same ratio as 
the deflections produced so long as these deflections were not widely 
different. The deflections are approximately proportional to the 
quantity of electricity discharged through the galvanometer and 
this is proportional to the electromotive force of the cell charging 
the condenser. 


TABLE I. 
Polarity. E.M.F. Generated with Silicon Rods 
Electrolyte. Electrode. — —— - 
Io per cent. H,SO, Zinc (amalga- Si Zn 1.303 1.039 1.055 1.349 1.039 1.137 1.220 
mated ) 
Tin Si | Sn .5273. .5222 .8531 .5170 .5842 .7341 
es Lead Si Pb  .9564 .5067 .5273 
“s Aluminum Si | Al 5997 .4787 4601 .4467 .7135 
sé Copper Si Cu .37 .0776 .0931 .1241 .1344 
“ 66 “ Silver ? ? +.4758 —.0778 —.0373 —.0591 — 21152 
“6 Carbon Si .0569 .2999 .2663 .2792 .1861 .2688 .0533 
“6 Platinum Pt Si .4188 .4912 .2420 


Potassium bichromate Zinc Si | Zn | 19 1.698 1.9 1.908 1.852 1.86 1.868 
solution 


CuSO, Cu Si | Cu .2378 


‘ 
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In order to compare different specimens of silicon in the same 
cell successive measurements were made with a number of different 
rods varying from 3 to 30 cm. in length. 

Table I. gives the results obtained by the condenser method. 
Specimens numbered 1 to 5 were of the lot cast by Mr. Heath. 
Specimens 6 and 7 were rods fused and cast by the author. 

Results obtained by the potentiometer method are given in 
Table II. 


TaBLe II. 
Polarity. E.M.F. in — for Silicon 
Electrolyte. Electrode. 
~ —_ Kod A. Rod B. RodC. 
Io per cent. H,SO, Zine Si Zn 1.047 
“ Aluminum Si Al .4833 .4230 
Copper Si Cu .6625 .4790 
Carbon Cc Si .3360 .2480 .2391 
Potassium bichromate solution Tin Si Sn 1.225 
Lead Si Pb .6442 .5213  .6170 
Aluminum Si Al .8147 .7396 =. 7671 
Nickel Si Ni .5420 
Copper Si Cu .8305 .7930 .8728 
Carbon eC Si -1025 | .1433 | .13%6 


Platinum Pt Si .4063 = .3861 


Cells were also made of fused electrolytes and the electro-motive 
force measured on a millivoltmeter with 1,000 ohms in series with it. 
The results are given in Table III. 


TABLE III. 


Polarity. 
Electrode. E.M.F. in Volts. 
KOH Copper Cu Si a 
NaOH Copper Cu Si 4 
Na,CO,, K,SiF, Copper Cu Si 493 
Na,CO,, K,SiF, Platinum Pt Si 6 


To measure the potential difference between a single electrode 
and an electrolyte a mercury calomel cell of the form shown in Fig. 
2 was used in the manner described by Ostwald.’ Mercury was 


' Ostwald, Wilhelm, Physico-Chemical Measurements. 
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placed in the bottom of a bottle and connection to it was made by 
means of a platinum wire sealed into the glass. Above the mer- 
cury was placed a layer of calomel and the bottle was filled up 
with a normal solution of potassium chloride. Connection was 


Pig. 2. 


made by means of glass and rubber tubing to a test-tube contain- 
ing a silicon rod which dipped into a small portion of the electro- 
lyte under consideration. The connecting tube was filled with KCl, 
the pinch cock ? being closed when the cell was not in use. 

The potential difference between the mercury and potassium 
chloride is known to be .56 volt, the mercury being + and the 
KCl —. This amount, due regard being paid to signs, was deducted 
from the E.M.F. of the combined electrodes and electrolytes to get 
the E.M.F. between silicon and the electrolyte in which it was im- 
mersed. 

TABLE IV. 


E. between Sia nd Electri 76) les. 


Polarity. _ Total E.M.F. E.M.F. between 
Electrolyte. E.M.F, between Silicon and 
_ of Cell. Hg and KCl. Electrolyte. 
Potassium bichromate solution Si Hg .87 56 21 
Concentrated KOH Hg Si .2087 56 —.7687 
Dilute KOH Hg Si .1522 —.7122 
Very dilute KOH Hg Si .1128 56 —.6728 
Conc. NaOH Hg Si .3735 .56 —.9335 
Dilute NaOH Hg Si .1845 .56 —.7445 


Cone. NH,Cl Hg Si .1499 —.7099 


---Hg Cl. ii 
Pt Wi 6 
H,0 
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Table IV. gives some results thus obtained for different electro- 


lytes. 

An attempt was made to observe the effect of change in tempera- 
ture of the silicon and its electrolyte, keeping the bottle containing 
the mercury at constant temperature. The temperature of the test- 
3 tube (II., Fig. 2) and its contents was changed by means of a water 
bath. The results for several rods are given in Table V. 


TABLE V. 
Temperature Coeffictent, t. e., Change in E.M.F. per Degree between Silicon 
and 10 Per Cent. H,SO,. 


Silicon Rod. —— E.M.F., Temperature E.M.F., Temperature 


Coefficient. 
Specimen I. 86° .1890 18 .0755 .00167 
“6 at. 94 .1792 3 .0963 .00091 
“ Ill. 90.5 .1292 18 .0307 .00136 
“ lV. 44 4.8 .0945 .00229 


I. and II. were rods 3 mm. in diameter cast by Mr. Heath. III. and 
IV. were rods 6 mm. in diameter cast by the author. For several 
rods the variation in E.M.F. from 0° to 100° was measured at close 
intervals of temperature. The curves were not smooth and the 
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Fig. 3. Effect of changing temperature of cell connected to the mercury calomel 
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results are unsatisfactory. Some small irregularities are, perhaps, 
due to the high thermo-electric power of a copper-silicon junction 
which is from 380 to 400 microvolts through the range of temper- 
ature used. The chief source of error was probably polarization 
of the cell while potentiometer settings were being made. An 
attempt was made later to check up this method by the condenser 
method but the silicon rod used originally was not available and 
the magnitude of the results with another rod did not check. The 
direction of the change due to temperature difference was the same. 

The position of silicon in the list of metals in order as they are 
positive or negative with reference to each other in an electrolyte of 
dilute sulphuric acid is given below beginning with the most negative. 


Amalgamated zinc, Antimony, 
Zinc, Bismuth, 
Cadmium, Copper, 
Iron, Silicon, 
Tin, Silver, 
Lead, Silicon, 
Aluminum, Carbon, 
Nickel, Platinum. 


Silicon and carbon have been inserted from the data given in 
Table I. It will be observed that some specimens of silicon are 
negative with respect to silver and some are positive. 

Silicon may be made to serve as a negative pole with zinc, giving 
the highest possible E.M.F. and as a positive pole with platinum, 
giving an E.M.F. which is not so high. 


Kk’ 
R 


Fig. 4. 
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Some of the ordinary battery tests were applied to cells made 
of silicon and zinc, and silicon and platinum. These tests include 
the measurement of electromotive force, polarization, recovery from 
polarization, current and internal resistance. All measurements nec- 
essary were made by the condenser method described by Carhart.’ 

The total E.M.F. of the cell was obtained in the way described 
above by charging the condenser from the cell and discharging it 
through the galvanometer, the key A’ being open (Fig. 4). The 


fall of potential around a known external resistance R was meas- 
ured by charging and discharging the condenser with the key A’ ' 
F closed. If £ and £’ represent the total E.M.F. of the cell and the 
Z fall of potential around the resistance X and ¢ represents the in- 
i ternal resistance of the cell. Then 
; To obtain the curves of polarization, recovery, internal resistance 
. and current, the operations of finding £ and £’ were repeated alter- 
nately at intervals of about two minutes keeping A’ closed except 
for the short time required to charge 
the condenser in finding /. For the 
oN curve of polarization, A’ was perma- 
> nently opened and £ determined at short | 
intervals. The curve of current was 
obtained by dividing the terminal poten- 
7: tial difference at the time of observation | 


by the constant external resistance 2X. 


Fig. 5. A cell was made up as indicated in Fig. 


5. An ordinary amalgamated zinc bat- 
tery rod about 8 mm. in diameter and a silicon rod of 3 mm. pro- 
jected 5.3 cm. into an electrolyte at a distance apart of about 3 cm. 

A set of curves for such a cell in which the electrolyte was ten 
per cent. sulphuric acid is given in Fig. 6. 

The internal resistance is large, as might be expected, since the 
silicon rod is small and is a very poor conductor of electricity. 


* Carhart, Primary Batteries. 
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The curve indicates rapid polarization and equally rapid depolar- 
ization. To eliminate this effect oxidizing agents were employed. 
For the next test, the cell was made up just as before except that 
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Fig. 6. Silicon and amalgamated zinc electrodes in dilute sulphuric acid. R= 50 
ohms. Curve I current ; 2 — terminal potential difference ; 3 — internal resistance ; 
4 — polarization ; 5 = recovery. 
the sulphuric acid was replaced by a potassium bichromate solution. 
This had the same composition as that used in all the previous tests. 


Fig. 7 shows that this electrolyte produces a much higher 
E.M.F. with lower internal resistance and the cell is almost free 
from polarization. The external resistance during this test was 30 
ohms. 

Fig. 8 shows the results obtained from the same cell with an 
external resistance of 5 ohms. In this case there is slight polariza- 
tion but the recovery is very rapid. 

The effect of nitric acid as a depolarizer is shown in Fig. 9. A 
cell was made up of a silicon rod in a porous cup of strong nitric 
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20 30 40 

Fig. 7. Silicon and amalgamated zinc rods in potassium bichromate solution. R 

30 ohms. Curve I= current; 2 terminal potential difference ; 3 = internal resist- 
ance ; 4 = polarization ; 5 = recovery. 
acid inside a jar containing a solution of dilute sulphuric acid in 
which the zinc rod was placed. The internal resistance of this com- 
bination is not comparable with the others because a different cell 
had to be used with different distances between the electrodes. The 
E.M.F. was a little less than that of the potassium bichromate cell. 
There was no polarization. The cell increased in E.M.F. slightly 
when the circuit was opened but there seemed to be no decrease 
when the circuit was closed initially. 

Similar observations were made upon cells with silicon and plati- 
num electrodes. In these, the silicon acts as the negative electrode 
and the direction of the current is just the reverse of that in the 
silicon zinc cells. The polarization curve of a silicon-platinum 
electrode in dilute sulphuric acid is given in Fig. 10. 

The E.M.F. is small and the polarization causes it to drop very 
rapidly to a small per cent. of its original value. The recovery is 
much slower. The external resistance (RK) was 500 ohms. The 
internal resistance was about 4,000 ohms at first and increased to 
such an extent that it could not easily be accurately measured. The 
effect of using a potassium bichromate solution is shown in Fig. 11. 

The E.M.F. is greatly increased and the polarization decreased. 
The internal resistance is also much less. 
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Fig. 8. Silicon and amalgamated zinc electrodes in potassium bichromate. R= § 
ohms. Curve I= current; 2=terminal P.D. ; 3 = internal resistance; 4 polariza- 


tion ; 5 = recovery. 


dilute sulphuric acid. A= 30 ohms, Curve I =current; 2 = internal resistance ; 
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Fig. 9. Silicon in porous cup containing strong nitric acid. Amalgamated zinc in 


terminal P.D. ; 4 — polarization ; § = recovery. 


| 
7 
5 
a 


248 FRANCES G. WICK. XXVII. 


MINUTES 

Fig. 10. Silicon and platinum electrodes in dilute sulphuric acid. —30o0hms, 
Curve I = polarization ; 2 = recovery. 

Fig. 12 shows the effect of using nitric acid as a depolarizer. The 
platinum electrode was placed in the porous cup containing strong 
nitric acid and the silicon in dilute sulphuric acid. 

The circuit was closed through 30 ohms resistance. The E.M.F. 
was higher than in the other two cells but a different silicon rod was 
used making the results not exactly comparable. Polarization took 
place rapidly but recovery was also rapid and complete. 

The results of these experiments do not indicate that silicon has 
any great value as one electrode of a voltaic battery. In generat- 
ing E.M.F. it has practically the same effect as carbon. It has, 
however, the disadvantage of a higher resistance which reduces 
the available current. Various physical characteristics make the 
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manipulation of silicon so difficult as to discourage attempts to use 


it for practical purposes. 
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Minutes. 

Fig. 11. Silicon and platinum electrodes in potassium bichromate solution. A == 500 
ohms. Curve I= current ; 2— terminal P.D. ; 3, = internal resistance ; 4 — polarization ; 
5 — recovery. 

This paper is the last of a series describing a study of silicon under- 
taken at the suggestion of Professors Nichols and Merritt. To them 
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Minutes. 
Fig. 12. Silicon and platinum electrodes in dilute sulphuric acid. A — 30 ohms. 
Curve I = polarization ; 2=— recovery. 
the author wishes to express her gratitude for their kindly encourage- 
ment and many helpful suggestions. 
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A CONVENIENT FORM OF GALVANOMETER WITH 
MAGNETIC SHIELDING:' 


By E. F. AND S. R, WILLIAMs. 


HE progress toward increased sensitiveness of galvanometers of 

the Thomson type which has been made by Paschen,? Menden- 

hall and Waidner,’ Abbott,‘ and others has realized nearly all that can 

reasonably be expected from galvanometers of this pattern. The art 

of shielding such instruments against magnetic disturbances from 

without has not, however, advanced beyond the stage where very 
considerable improvement is likely. 

The problem of magnetic shielding presents many difficulties 
from the mathematical side, and yields only approximate solutions. 
If, however, the shielded space be given, togther with the room 
occupied by the shielding device, Wills® has shown the best 
conditions for three concentric hollow spheres or cylinders will 
be obtained when the inner and outer radii of the successive shells, 
and the air spaces separating them, advance outward in the same 
geometric progression. Spherical shells without holes or joints 
would give the highest shielding ratios, but as this condition cannot 
be fulfilled in construction and long hollow cylinders prove at once 
effective and workable, this latter form of shielding has been 
adopted. 

In designing the magnetic shields to be described, the following 
general considerations have been kept in mind: 

1. The shields should be symmetrically disposed about the center 
of the needle systems which should be brought as near together as 
conveniently possible. 

2. The shields should be uniform and free from flaws, borings or 
lateral openings. 

' This galvanometer was described and exhibited to the Physical Society, December 
29, 1906. 

2 F. Paschen, Zeitschriften fiir Instramentenkunde, 13, 13, 1893. 
3 Mendenhall and Waidner, Am. Jour. Sci. (4), 12, 259, 1901. 
*C. G. Abbott, Astrophys. Jour., 18, 1903. 

5A. P. Wills, PHys. REv., XXIV., 243, 1907. 
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3. If long unbroken shields were to be used, either some com- 
plicated system of prisms or mirrors must be devised to get the light 
from the scale in and out of the top of the shields, which seemed 
difficult, or the scale reading mirror must be placed well above or 
below the needles on the end of a much elongated rotation axis. 
For sensitiveness combined with short period the needles should 
be very light. Hence, if the rotation axis is other than a very 
fine and absolutely straight rod, the increase of the moment of 
inertia due to its mass and wandering shape will more than neu- 
tralize all the advantage gained by light needles. 

After many trials we abandoned hope of drawing a whip of glass 
at once sufficiently fine and straight for the purpose. We found it 
possible, however, to straighten a fine quartz rod by setting the top 
of it firmly in a clamp, attaching a small weight to the bottom, and 
stroking it up and down with a yellow gas flame. The rod was 
thus at once softened, stretched straight, and annealed. Rods 
after this treatment were apparently perfectly straight. 


THE GALVANOMETER FRAME. 


The details of construction of the galvanometer are shown in 
the diagrams, Figs. 1, 2 and 3. The upright A was made from a 
solid round brass rod, sawed through the axis, and the surfaces 
carefully faced, leaving elevations and depressions ed for hinges. 
A slot mz along the axis was cut out to receive the suspension adc. 
The halves were then firmly fastened together and turned down to 
a diameter of 3.8 centimeters, and a screw-thread turned on the 
lower end to attach it to the circular hard rubber base 4. Just 
above this screw one of the halves was sawed through in a plane 
normal to the axis. This half of the rod was hinged to the other 
and served asa door. The rounded surfaces of both halves were 
milled out at /, as shown in Fig. 2, and transverse taper borings at 
g were made to receive the coils ¢,, ¢,, ¢c, and c, which were set 
into place with beeswax /. 

With the door closed the space between the coils facing each 
other was two and one half millimeters, just sufficient to allow the 
needle-system room to turn round. 


1'This method has since been used by Coblentz and is described by him in the Bul- 
letin of the Bureau of Standards, Vol. 4, No. 3, 1907. 


| 


252 E. F. NICHOLS AND S. R. WILLIAMS. [VoL.. XXVIT. 


The door was also bored at 7, and a mica window 4, with its 
plane inclined to the vertical set into a recess, as shown in Fig. 2. 
When the door was closed a hard rubber disk 7, bored out at the 
center to fit the gently tapering upright, could be slid down over 
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the upright, which it snugly fitted at the bottom, and thus the door 
was kept tightly closed. Out of this rubber disc 4, which served 
as a support for the magnetic shields a sector was cut opposite the 
window 4, to permit the observation of deflections. This is shown 
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by the dotted lines in Fig. 3, which represents a plane of the base. 
The arch Z, bored at the top, carried a control magnet J/, made 
of bent clock spring, by which the zero point and sensitiveness of 
the galvanometer could be changed at will. 

The upper end of the quartz fiber of the suspension was attached 
toa rod O free to turn in a sheath soldered to a strap of brass. A 
slot was cut in the brass strip through which the shank of the bind- 
ing post f passed. By these means the suspension could be accu- 
rately centered and clamped by the head vy. By loosening the head 
when the door was open the suspension could be swung out from 
the plane of the rear coils for examination. The rod O, to which 
the fiber was attached, could be drawn out or put in from beneath 


and was held in place by friction. These adjustments made it very 
easy to mount and center the suspension or to quickly exchange 
one suspension for another. 

Small holes / through the axis of the two coil pairs facing each 
other and small slots s in the halves of the uprights at the heights 
of coil centers made inspection of the centering of the needle sys- 
tems possible with the door closed, and the final adjustments of the 
needles might be made with the levelling screws ¢ on the base. 


THE ColILs. 


The dimensions and form of the coils and method of winding 
them were taken from data given by Abbott.’ From his tabulated 


1C, G, Abbott, 1. c. 
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list of coils the size which gave a coil rated at five ohms resistance 
was chosen. Each coil was wound in three sections, the innermost 
consisting of 81 cm. of No. 38 wire, the middle section of 228 cm. 
of No. 32, and the outside section of 1,318 cm. of No. 26. The 
finished coils gave each a resistance of 5.6 ohms approximately. 

The plane faces of the coils were covered with tinfoil to guard 
against static charges, and the terminal wires of each coil were 
twisted together and carried down through channels bored in the 
upright. The terminals of the two coils in the door were carried 
down the channel «~ to a space w, cut away from standard and door 
in the axis of the hinges. From this point all the wires passed 
down through the channel 7 to an outlet beneath the hard rubber 
base and were distributed thence to the eight binding posts lying 
in a semicircle on the underside of the base. The coils connected 
in multiple gave a total resistance of 1.4 ohms, in series 22.4 ohms. 

NEEDLE-SYSTEM AND MIRRORS. 

The needle-system y consisted of two groups of seven needles 
each. The needles were cut 2 mm. long from tungsten steel wire, 
0.165 mm. diameter. They were attached to the thin quartz rod 
dc, 20 cm. long, and then magnetized in place. No special pains 
were taken to make the system astatic. At the bottom of the 
quartz rod a mirror of thinnest microscope cover-glass I by 0.9 
mm. was fastened. 

THe SHIELDs. 


’ 


The shields, three in number, S,, S,, S, of ‘42— 1” silica steel 


3 
were obtained from the General Electric Company through the 
kindness of Dr. Elihu Thomson. They were cast from patterns 
made in the laboratory shops. As the castings were not wholly 
free from flaws, the thicknesses planned for the separate shields could 
not be rigorously carried out. 


The dimensions and weight of the shields appear in Table I. 


TABLE I. 


Length of Shields, 29.3 cm. 


Shields. Inner Radius. Outer Radius. Weight. 
1 2.55 cms. 3.55 cms. 1,875 gms. 
2 4.40 7,500 
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The shielding ratio was measured by using a single magnetized 
needle as a magnetometer. The deflecting field was generated by 
sending a current through a solenoid (Z, Fig. 4) 41 cm. long, the 
axis of which was normal to the magnetic meridian. Measurements 
were made with current in solenoid direct and reversed for two 
symmetrical positions, X and Z, one on each side of the needle as 
shownin Fig. 4. The period of the unshielded needle was observed, 


Fig. 4. 


and the deflection due to a given current in the solenoid noted. 
The first shield was next put in place, the period of the needle 
again taken, and the deflection due to a larger known current in the 
solenoid observed. The shielding ratio for the first shield would 
then be 

O 
,» 2, are the time of vibration and deflection for a current 
7, in the solenoid for the unshielded needle, and ¢,, 6,, 7,, the corre- 
sponding quantities for the shielded needle. 


where 6 


In this way the shielding ratio s, for the inner shield, s, + s,, the 
shielding ratio for the inner and middle shield together, and 
S, + 5, + 5,, the same ratio for the total shielding due to all three 
shields, was measured. This was done for the shields as they came 
direct from the lathe and repeated after the shields had been sub- 
jected by Dr. Wm. Campbell to a special annealing process by 
which the iron was subjected to several cycles of high temperatures 
followed by slow cooling. It is a pleasure here to acknowledge the 
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extent of our indebtedness to Dr. Campbell’s skill, an indebtedness 
the extent of which the figures given below show plainly enough. 


II. 
Shielding Ratios. Unannealed. Annealed. 
18.62 20.57 
5, + Sq 240.44 317.60 
Sg + 2,903.33 4,273.50 


A similar set of observations was made with five shields cut from 


soft iron water pipe. 
in Table III., while Table IV. gives the shielding ratios. 


TABLE III. 
Length of Shields, 30.7 cm. 


Dimensions and weight of shields are given 


Shields. Inner Radius. Outer Radius. Weight. 
l 2.65 cms. 3.00 cms. 1,530 gms. 
5 B95 9,650 

TABLE IV. 
Shielding Ratios. Annealed. 
5, 19.30 
5 2 104.09 
2,724.79 


The galvanometer described, with coils in multiple and a full 
period of six seconds (three seconds swing), gave a sensitiveness 
volt for 1 mm. deflection on a scale 1 meter distant. 
iron shields the galvanom- 


of 4 x 10 


When shielded with the three “ «— 1 
eter on open circuit kept to a zero well within two divisions of 
the scale during the heaviest hours of traffic on the Amsterdam 
Avenue electric cars which pass within less than 25 meters of the 


instrument. 
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Greater sensitiveness is ot course attainable with longer period, 
but as Abbott’ has already pointed out the air damping for such 
suspensions is so great that there is little gain in increasing the time 
of a deflection unless the instrument is enclosed in an exhausted 
space. The form of galvanometer here presented is so compact 
that it could easily be put under a bell-jar and exhausted to any 
required vacuum. 

Recently a second galvanometer of this same type has been built 
by our mechanician Mr. Cooey for Mr. L. E. Woodman with six 
annealed shields of commercial water pipe. A shielding ratio of 
over 9,000 was obtained. The dimensions of these shields are 
given in Table V. 


TABLE V. 
Length of Shields, 30.5 cm. 


Shields. Inner Radius. Outer Radius. Weight. 
1 1.897 cms. 2.413 cms. 1,650 gms. 
2 2.940 3.646 3,480 
3 4.264 5.080 5,660 
4 5435 * 6.350 8,280 
5 7.302 « 8.413 « 12,990 « 
6 9.683 10.9353 19,540 


This galvanometer was placed directly beside the best form of 
shielded two coil Siemens and Halske galvanometer designed by 
duBois and Rubens. When the two were on open circuit and work- 
ing at comparable sensibilities the new galvanometer showed a 
shielding against outside disturbances over forty times as great as 
the other. 

In none of the above sets of shields was the geometrical relation 
of shield thickness to air space fulfilled, hence better shielding than 
we have reached could doubtless be obtained. The advantage of 
Mr. Woodman’s shields over the others is probably due in consid- 
erable part to the smaller radius of the inner shield in his set. 


PHENIX PHYSICAL LABORATORIES, COLUMBIA UNIVERSITY, 
May, 1907. 


1C, G. Abbott, 1. c. 
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CAPACITY AND CURRENT DENSITY EFFECTS IN 
THE ARGON AND HYDROGEN SPECTRA. 


By CHARLES SHEARD. 


- 1865 Pliicker and Hittorf showed the existence of a plurality 

of spectra in some of the elementary gases. These spectra 
were named (@) primary, (¢) secondary. The primary spectrum 
of a gas at low pressures in discharge tubes is produced by 
an electric current (not excessive); while the introduction of ca- 
pacity in multiple with the discharge tube gives in general a sec- 
ondary spectrum. Hydrogen, nitrogen, oxygen, the halogens 
and the monatomic gases exhibit this phenomenon. 

Argon has been examined as to its spectra by Kayser,’ Rydberg,’ 
Crookes,* Runge,‘ Trowbridge and Richards,’ and Eder and Val- 
enta.° Rydberg concludes that the ‘‘ blue” (secondary) spectrum 
of argon “corresponds to a higher temperature’’ than the red (pri- 
mary) spectrum. ‘ Every spectral line,” he says, “has a maxi- 
mum of intensity. Lines which are ascribed to the red (primary) 
spectrum attain their maxima at lower temperatures than those 
forming the blue (secondary) spectrum and disappear gradually 
when the temperature rises, the lines of the blue spectrum growing 
stronger.” 

In addition to primary and secondary spectra Eder and Valenta 
have observed a white spectrum. This white spectrum is “ pro- 
duced by large condensers in conjunction with a powerful induction 
coil and at a pressure of 15 to 20 millimeters. Under these condi- 
tions white light is emitted from the capillary of a discharge tube.” 
It is a question as to the meaning of the words “ large’’ and “ pow- 

1 Astrophysical Journal, Vol. 4, 1896. 
2 Ibid., Vol. 6, 1897. 

3 Chemical News, Vol. 72, 1895. 

* Astrop)iysical Journal, Vol. 9, 1899. 


5 Phil. Mag., Vol. 43, 1897. 
6 Sitzungsbericht d. Wiener Akad. Mathem,-Nat., 1895, p. 404. 
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erful’? when used in describing condensers and induction coils. 
Spectroscopically the white spectrum shows many widened and few 
sharp lines, many coinciding with primary and secondary spectrum 
lines. Eder and Valenta further report a displacement with regard 
to a great many lines of from 0.5 to I t.m. toward the ved end of 
the spectrum. Rydberg,' in commenting upon this reported dis- 
placement of lines, says: ‘‘ As to the supposed displacement of a 
great number of the lines of the white spectrum toward the red end 
of the spectrum, nothing seems to indicate that we have to do with 
a continuous displacement, but rather with the appearance of new 
lines on the red side of the other spectra, with which they ought to be 
closely related. In such a case it seems most probable that the in- 
teresting observation of Eder and Valenta depends on a change in 
the relative intensity of two sets of connected lines.”’ 

It has been found also that the cathode glow shows quite a dif- 
ferent spectrum from that exhibited at the anode. The spectrum 
at the cathode appears nearly continuous in the yellow, green and 
blue. When a condenser is introduced in parallel with the tube a 
bulb spectrum is produced at each end which is intermediate be- 
tween the spectra obtained with and without the use of capacity 
from the capillary portion. 

INSTRUMENTS. 

A Steinheil spectroscope, together with a 60° prism worked by 
Brashear, constituted the apparatus used in the examination of the 
spectra. The telescope and collimator had apertures of 5 cm. each 
and focal lengths of approximately 30 and 35 cm. respectively. 
The telescope carried a plate holder fitted into a form provided for 
it. When in adjustment this was perpendicular to the axis of the 
instrument. 

In front of the collimator slit was mounted a movable diaphragm 
by means of which the upper or lower halves of the slit could be 
exposed to the light source. For example, one portion of the slit 
might be exposed to the argon spectrum tube through which a dis- 
charge from an induction coil was passed, the other half of the slit 
being exposed to an argon tube when capacity was inserted in mul- 
tiple with the tube. | 


1 Astrophysical Journal, Vol. 6, 1897, p. 347- 
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The discharge through the tube was produced by an induction 
coil capable of giving a 15 cm. spark and carrying a primary cur- 
rent as high as 10 amperes. 

Wratten and Wainwright (Croydon, England) panchromatic 
plates were employed in photographing the spectra. The argon 
used came from Tyrer and Company, London. 


ADJUSTMENTS FOR Focus. 

The slit and photographic plate were placed at the foci of their 
respective objectives by the method of parallax. Then through the 
60° prism photographs were taken of the upper half of the slit 
when the right half of the collimator objective was screened, and 
of the lower half of the slit when the left half of the objective was 
diaphragmed. A mercury arc lamp (Zeiss) was used as a source. 
The displacements of the two halves of the slit image were meas- 
ured for the various lines of the mercury spectrum present. This 
process was repeated using new positions of camera objective and 
of slit until the most satisfactory adjustment was found. 


CuRRENT Density EFFECTS IN THE ARGON SPECTRUM. 

Fig. A (a), secondary and (¢) primary, show the spectra obtained 
when the primary of the induction coil producing the excitation 
was supplied at low voltage (10 volts) from a storage battery. The 
potential difference across the terminals of the tube as measured by 
a Braun electroscope was about 800 volts. The secondary spec- 
trum (Fig. A, 2) was produced under the above conditions with the 
introduction of three one-gallon Leyden jars in the circuit with the 
tube. The spectra obtained are practically purely primary and sec- 
ondary as measured up and compared with Kayser’s lists of argon 
lines. 

The conditions were again modified, using the same tube, and 
exposures / and C were obtained. Inexposure /?— (a) secondary, 
(6) primary —the current was two to three times as great as in 
exposure A as shown by a Ruhmer current indicator. Two one- 
gallon jars were used in exposure # (a) and one one-gallon jar in 
exposure C (a). The times of exposure of plates in all cases given 
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were practically the same. The discharge through the tube was 
run intermittently to prevent heating and breakage of tube. The 
difference in potential across the tube did not exceed 2,000 volts as 
measured by the Braun electroscope. 

A comparison of the primary spectra in exposures A and C 
shows in the latter, under the conditions before cited, an approach 
toward the secondary spectrum. A careful study of both spectra, 
indicates (1) an absence of the longer wave-lengths in the secondary 
spectrum proper, (2) an increase in intensity and number of lines in 
the secondary spectrum as compared with the primary spectrum in 
the region of Hg 5461 t.m. to Hg. 4359 t.m., these lines being 
present as impurities in the argon spectra, (3) a broadening in the 
secondary spectrum, due to capacity, of relatively nine tenths of the 
lines common to the primary and secondary spectra and (4) a marked 
approach to the true secondary as exhibited by the primary spectra 
(2, 6 and C, 6) when heavy currents and thermometer-sized capil- 
lary are used. 

In order to investigate more completely the spectra resultant 
from increasing and decreasing the current density, a composite 
tube of varying sized capillary tubes, each tube being about two 
inches in length and having inner diameters of 2.25, 2, 1.50 and 1 
mm. respectively, was used. The potential differences ranged from 
800 to 2,000 volts, the Ruhmer current indicator running from 8 to 
20 divisions as marked upon its scale. Spectroscopically, as photo- 
graphed or as viewed with a direct-vision spectroscope, these 
spectra exhibit a marked increase in intensity of lines in the region 
H 6563 t.m. to Hg 5461 t.m. (both lines being present as impuri- 
ties) as the capillaries narrow. Further, the increase in number 
and intensity of lines in the region Hg 5461 t.m. to Hg 4359 t.m. 
and the introduction of the shorter wave-lengths from H 4070 t.m. 
to 3500 t.m. with the narrowing of the tube is of particular interest. 
It appears then that an évcrease tn current density produces a change 
from the pure primary to a secondary spectrum in the case of 
argon. J. J. Thomson’ has likewise noted the effect in general. 

The addition of capacity to a circuit when the discharge tube of 
varying-sized capillaries.was used demonstrated a gradual change 


1Conduction of Electricity Through Gases, 1906, p. 588. 
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from what might be called a *‘ mixed” primary to the true secondary 
spectrum. When viewed with the naked eye the wider capillaries 
exhibited a difference in color from that present in the narrower 
capillaries. A condenser of itself can have no effect upon the 
spectrum of a gas in so far as its oscillatory nature is concerned. 
But if electricity is furnished a discharge tube with great rapidity, 
as in condenser discharges, the difference in potential at the elec- 
trodes of the tube may rise very rapidly, since it takes time for the 
ions to arrange themselves to the newly imposed conditions. Asa 
result the electric field may be very intense and uniform, causing 
the positive ions to produce new ions by collision; the current 


density therefore increasing to very large values. 


TABULATION OF THE LINES IN THE SECONDARY (@) AND PRIMARY 
(6) SPECTRA OF ARGON IN PLATE B. 

The lines in Plate A, both secondary (a) and primary () spectra, 
were measured up and found to be the pure secondary and primary 
spectra of argon respectively (as given by Kayser) with the excep- 
tion of wave-lengths 4658, 4637, 4545, 4430, 4401, 4383, 4379, 
4363 (?), 4331 and 4082 t.m., which distinctly belong to the spec- 
trum produced by a capacity dischage but which made their appear- 
ance in both primary and secondary spectra. 

The lines found in Plate B are tabulated on pages 263 and 264. 
Column 1 contains the wave-length in t.m. ; column 2 indicates the 
spectum in which each line recorded in column 1 is found, the letter 
(P) indicating its presence in the primary spectrum only, the letter 
(S) its presence in the secondary spectrum only and the word 
“Both” showing its presence in the primary and secondary spectra ; 
column 3 shows the spectrum under which the line is classed by 
Kayser, the same symbols being followed as in column 2. 


CURRENT Density EFFECTS IN THE HYDROGEN SPECTRUM. 

In the case of hydrogen the writer has noticed a broadening of 
the line //,, H, and //, due to increase in current density. Em- 
ploying a feeble current with capacity shows a similar effect in 
these lines. It is further shown from a preliminary examination 
that the fine line spectrum of hydrogen is the true primary spec- 
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a Spectrum. Kayser. | A Spectrum. Kayser. | 
7635 ) 4790 Both S 
7503 4768 Both S 
7384 4738 Both S 
7281 4736 Both S 
7146 L These lines are found in the 4732 Both S 
7066 primary spectrum only 4729 3oth S 
6964 4702 S S 
6870 | 4680 Ss 
6786 4658 Ss Ss 

6676 ) 4628 Both S 
6550 S 4602 Both S 
6482 S S 4596 Both S 
6300 P P 4590 Both Ss 
6372 S 4579 Both 
6217 P P 4545 Both S 
6114 Both P 4522 Both P 
6098 Both ¥ 4503 Both S 
6031 Both P 4482 Both S 
5999 P g 4475 Both S 
5912 Both 4 4460 Both S 
5888 Both 4 4449 Both S 
5832 | Both P 4443 Both S 
5772 Both P 4439 Both S 
5690 Both s 4434 Both S 
5650 S S 4421 Both S 
5606 P 4408 Both 
5572 4401 Both S 
5558 These li 4379 Both S 
spectrum only 

5451 4372 Both S 
5421 | 4362 Both P 
5412? 4360 Both 
5307 Both P 4348 Both S 
5276 Both y 4345 Both S 
5254 Both P 4337 Both S 
5188 Both P 4331 Both Ss 
5162 Both P 4309 Both Ss 
5152 Both P 4298 Both S 
5145 Both S 4283 Both S 
5062 Both Ss 4277 Both Ss 
5051 Both P 4266 Both S 
5017 Both S 4259 Both P 
5009 Both S 4251 Both S 
4969 Both 4 4228 Both Ss 
4965 Both P 4218 Both S 
4933 Both S 4205 Both r 
4920 | Both 4200 Both P 
4882 Both S 4198 Both P 
4847 Both S 4191 Both P 
4807 Both S 4182 Both P 
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Spectrum. Kayser. A Spectrum. Kayser. | 
Both P 3819 Both 
Both P 3809 s s 
Both 3803 S 
Both S 3800 Both S 
Both S 3796 Both S 
Both S 3786 Both S 
Both Ss 3781 Both S 
Both S 3776 S > 
Both S 3773 S S 
Both 3770 S 
Both Ss 3765 Both S 
Both S 3756 Both S 
Both Ss 3753 S S 
Both S 3750 S S | 
Both S 3747 Both Ss 
Both 3738 S 
Both s 3734 S S 
Both 3729 S 
Both S 3724 Ss S 
Both S 3718 S S 
Both 5 3712 Both S 
Both S 3710 Both S 
Both S 3696 S S 
Both Ss 3692 Ss 
Both Ss 3690 S S i 
Both S 3686 Both S 
Both S 3684 Both S 
Both S 3680 Both Ss 
Both S 3678 Both > 
Both S 3655 Both S 
S 3638 Both 
S 3632 Both 
Both S 3622 Both Ss 
Both S 3606 Both P 
Both S 3592 S S 
S 3582 Ss S 
S 3581 S 
S S 3576 S S 
Both S 3565 5 S 
Both S 3561 5 S 
Both S 3559 Both S 
Both S 3548 S S 
Both S 3546 S S 
Both S 3535 S S 
S S 3522 S S 
Both S 3514 S S 
Both S 
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A 
4178 
4164 
4131 
4112 
4099 
4097 
4089 
4082 
4072 
4058 
4054 
4038 
4034 
4023 
4014 
4010 
3995 
3992 
3988 
3979 
3968 
3960 
3958 
3954 
3949 
3946 
3942 
3932 
3928 
3914 
3907 
3900 
3894 
3880 
3875 
3872 
3868 
3858 
3854 
3850 
3846 
3844 
3841 
3838 
3834 
3830 
3826 
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trum and that the “ four-line’’ spectrum, so called, is the secondary 
spectrum. //, is found present with even small currents, while 
H,, H, and 7, make their appearance with only large current or 
capacity. The four-line spectrum of hydrogen is thus produced 
and modified under the same conditions as are the secondary spec- 
tra of argon and other double-spectra-ed gases. The writer is at 
present engaged upon as complete an examination as possible of 


the effects of different sized capillaries upon the spectrum of hy- 
drogen when the tube carries varied currents and capacities. 


WIDENING OF THE LINEs. 
The maximum amount of widening varies as 1 / 7°, where 7 rep- 
resents the distance between corpuscles. Therefore the widening 
is proportional to the density of the corpuscles.’ The number of 
these corpuscles will increase with current density ; therefore ac- 
cording to this theory a broadening of the line follows when the 
current density is increased. 

The pressure or density of the gas enclosed in the discharge 
tubes cannot have affected any broadening of lines in the spectra 
examined, as Michelson has shown, for ‘‘ when the pressure is less 
than five millimeters the effect of collisions has almost entirely 
ceased,”’? 

Whenever we have conduction of electricity through a gas, we 
find that this conduction consists in a transfer of negative and posi- 
tive charges. We may conceive of a neutral aggregate after the 
manner of J. J. Thomson as consisting of a positive charge asso- 
ciated with negative charges. If then the steady motion of such 
a system be disturbed, it will absorb energy which it will radiate in 
returning to its condition of equilibrium, thus producing spectra. 
If therefore we consider the negative electrons as making up rings, 
two possible forms of radiation may occur, (1) lateral oscillations 
of the corpuscles composing the rings and (2) under severe excita- 
tion a breaking up of the rings into new formations. Argon may 
then be pictured as a system in which the ring formation is gradu- 
ally disrupted as the number of advancing electrons is increased. 


! Proceedings Cambridge Phil. Soc., 1906. 
? Phil. Mag., 1892, p. 295. 
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CONCLUSION. 

The alterations in the spectrum of a gas due to inserting capacity 
in multiple with the spectrum tube may be produced by an increase 
in current density. 

This work was carried on at Dartmouth College, in the year 
1907, under the direction of Dr. G. F. Hull. The writer wishes to 
express his thanks for the many suggestions and aid given. 


PuysicAL LABORATORY, OHIO STATE UNIVERSITY, 
April, 1908. 
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EFFECT OF ABSORBED HYDROGEN AND OF OTHER 
GASES ON THE PHOTO-ELECTRIC 
ACTIVITY OF METALS. 


By V. L. CHRISLER. 


~“KINNER’S experiments ' indicate that in a glow current through 
rarefied gases hydrogen atoms probably serve as carriers be- 


tween the cathode and the gas atmosphere. This suggests that the 
photo-electric current from metals may also be carried, in part at 
least, by hydrogen atoms freed from their surface. That the pres- 
ence of hydrogen in the metal probably increases its photo-electric 
current was shown by Wulf,? who found that after platinum had | 
been allowed to stand in hydrogen for some time, there was a 
marked increase in current over that obtained in air and again a 
decrease in the current after the platinum had been exposed to air. 


Holman * obtained a series of results which showed that use as 
cathode with a glow current in hydrogen reduced the photo-elec- 
tric activity of zinc, and use as anode increased it; but he could 


not corroborate these observations in further tests. 

The present investigation was undertaken with the same object 
in view. The plan followed was a modification of Holman’s, the 
only important difference being that all tests of the photo-electric 
current were made in the same atmosphere as that which served for 
the glow current and immediately afterward, while Holman first 


evacuated after passing the glow current before testing the photo- 
electric activity. The advantage of the present plan over his was 
two-fold. There was less chance for a ‘‘time’’ change in the 
metal — which in hydrogen was always large — before the activity | 
was measured. Further the time saved was considerable, since it | 
was possible to take an entire set of readings without evacuating | 


the system. 

1Puys. REv., XXI., p. 1, 1905. 
2,Ann. d. Physik, 9, p. 946, 1902. 
3’ Puys, REV., XXV., p. 81, 1907. 


| 


268 V. L. CHRISLER. [| Vor. XXVII. 


The effect of use as cathode ina glow current is first to clean 
the metal and thus increase its activity under the action of light, 
and then by continued use, to decrease it, probably by reducing the 
supply of negative carriers in its surface. The effect of use as an 
anode is first to charge up the metal with negative carriers, but if 
continued the activity is generally rapidly reduced, presumably by 
a layer of tarnish which always makes its appearance on the metal 
surface under prolonged use as anode. The effect produced by 
contact of the metal with the conducting gas is very similar to that 
of using it as anode; it first charges the metal with negative car- 
riers—though not as rapidly as when used as anode —but con- 
tinued exposure is very likely to decrease its activity. 


APPARATUS. 


A diagram of the system is shown in Fig. 1. The source of 


ultra-violet light was a high potential arc between iron electrodes 


in hydrogen, operated in parallel with a capacity A, by an induc- 
tion coil fed from an alternating-current circuit. A Kipp generator 


F 


fe 
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connected through a drying tube to the bulb containing the arc 
maintained a fresh supply of hydrogen. The light passing through 
the quartz plates Q and D fell at an angle of about 45 degrees on 
£, the metal tested. This was connected to the negative pole of a 
battery B, the positive being earthed. The negative electricity freed 
from £ by the action of the light passed to the collecting electrode 
#7 which was connected to one plate of a condenser, the other plate 
being earthed. The current was measured by the potential to 
which the condenser was charged ina given time. A Thomson 
quadrant electrometer was used for measuring this potential, 53 
scale divisions deflection corresponding to a difference of potential 
of one volt. The electrometer, condenser, arc system and wire 
leading from the collecting electrode to the condenser and electro- 
meter were all enclosed in earthed metal cases. 

The discharge chamber consisted of a glass bulb with a ground 
joint at # for convenient removal of the electrodes. In addition to 
the two electrodes mentioned a third was inserted at J7. The quartz 
plate D was sealed on with de Khotinsky’s laboratory cement. In 
the vacuum system all ground joints and stop-cocks were lubricated 
with a mixture free of hydrocarbons. P,O, was used as a drier. 
Evacuation was produced by a Barr and Stroud mercury pump. 
The pressure was measured by a McLeod gauge. Small storage 
batteries served as a source of potential, and also for the glow cur- 
rent. C was a plane air condenser (capacity 3,360 centimeters) con- 
sisting of tin-foil pasted on glass plates and insulated by quartz. 

The gases used were hydrogen, nitrogen, oxygen and helium. 
Hydrogen obtained from aluminum in a solution of potassium hy- 
drate, was after careful drying by P,O, stored in a flask which had 
stood evacuated for a time sufficient to free it of occluded gases. 
Nitrogen was obtained by passing air through phosphorus vapor, 
through a wash bottle containing KOH, and finally through a tube 
containing P,O,. After complete drying it was also stored in a flask 
freed of occluded gases. Oxygen obtained from manganese di- 
oxide and potassium chlorate was first passed through a solution of 
KOH then through concentrated H,SO,, and finally past two elec- 
trodes between which, was maintained a spark discharge for reduc- 
ing any hydrogen to H,O. It was then passed through a tube con- 
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taining P,O, and stored in a flask after perfect drying. The helium 
used was obtained from Messrs. Thomas Tyrer and Co. 


EXPERIMENTAL RESULTs. 

1. Platinum in Hydrogen. — The following detailed series of re- 
sults were obtained with platinum in an atmosphere of hydrogen. 
The metal was first carefully cleaned and polished, and then placed 
in the electrode chamber and this immediately evacuated and flushed 
out at least once with hydrogen before using, so that when filled to 
1.2 mm. pressure with hydrogen, not more than two tenths of one 
per cent. of the gas present was air. For photo-electric measure- 
ments the metal was charged to a negative potential of 40 volts, 
and the collecting electrode started at zero potential. The most 
uniform results were obtained by breaking the arc after each reading. 

By exposing the metal to the light for two seconds each time the 
following electrometer deflections were obtained from the metal in 
its initial state: 15, 16, 16—equivalentto a current of 4.2 x 107'° 
amperes. This represents the photo-electric activity of the freshly 
polished metal. 

A glow discharge of moderate intensity was then sent from the plat- 
inum as cathode for about one minute, after which, returning to the 


original conditions, the following deflections were obtained from the 


> » —10 


photo-electric current: 85, 80, 78 — equivalent to 22.4x 107’ am- 
peres. In these tests the metal was used as cathode just before each 
observation, otherwise it showed some recovery, as seen later, by 
exposure to the gas. Compared with the results above this shows 
the cleaning effect of use as cathode. 

Immediately following these observations the platinum was used 
as anode in a glow discharge (during a fraction of a second enly) 
after which the photo-electric effect tested as before gave the follow- 
ing deflections: 135, 160, 150, or 41x 10~'’ amperes. This shows 
the increased effect caused by use as anode, care having been taken 
not to operate it for a time sufficient to tarnish the metal. It is 
about double that obtained after using as cathode. 

After again using the metal as cathode in a glow discharge (which 
reduced the photo-electric current to approximately 22.4 x 10~'’ am- 
peres given above) it was then allowed to stand disconnected while a 


\ 
; 
¥ 
Re, 
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discharge was sent between the two electrodes //and JZ. Following 
this the photo-electric activity was again tested giving the deflections 


140, 115, 114—equivalent to a mean value of 34 x IO 
This shows also a marked increase in activity by exposure of the 


amperes. 


; metal to the conducting hydrogen. After an hour’s use as cathode 
i the following values were obtained, which are in their relative effects 
k a repetition of those already given: 
Amps. 
After use as cathode, 12 
; After use as anode, 30 
After use as cathode, 12 (approx. ) 
After standing in conducting gas 27.3 


After standing thirteen hours in the same atmosphere the follow- 


ing values were obtained : 
Amps. x 


After use as cathode, 46 
After use as anode, 136 
After use as cathode, 46 (approx. ) 
After standing in conducting gas, 91 


2. Platinum in Helium.— Similar tests were made with freshly 
polished platinum in an atmosphere of helium, care being taken to 
have pure gas and to rid the surface of the electrodes as far as pos- 
sible of their supply of hydrogen. To this end, while flushing out 
with helium, the metal to be tested and also the collecting electrode 
were used as cathode in a glow discharge. 

In helium there was observed with all the metals a small but defi- 
nite leak without the light but this was of a magnitude smaller than 
the photo-electric current. The deflections given are the difference 
between the magnitudes obtained with and without light. Follow- 
ing are the results with duration of exposure to light, 20 seconds : 


Defiections. Amps. X 10'”. 
After use as cathode, 7, 10, 8 Py 2 
After use as anode, 5, 


There was no increase after use as anode in helium, but immedi- 
ately after evacuating and admitting hydrogen, the tollowing were 


obtained : 

Amps,  10'°. 
Initial photo-electric current, 
After use as cathode, 9.7 
Af er use as anode, 10 


| 
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After standing four hours in hydrogen : 


After use as cathode, 23 
After use as anode, 28 


This shows an increase in the photo-electric current from the 


value of approximately .2 x 107"’ amperes in a helium atmosphere 
to 28 x 107” 


hydrogen as in the helium. Wad the platinum been allowed to 


in hydrogen, or 74o times as great a current in the 


stand in the hydrogen longer, its photo-electric activity would un- 
doubtedly have increased still further. 

3. Platinum in Nitrogen. — Similar tests were also made with 
freshly polished platinum in an atmosphere of nitrogen the same 
care being taken to insure purity of gas as with helium. In this 
case also there was a slight leak without light which effect is 
eliminated from the recorded observations. With a twenty second 
exposure the results were as follows : 


Defiections. Amps. 
After use as cathode, 122, 98, 75 2.6 
After use as anode, 106, 61, 61 2.2 


showing a decreased instead of an increased activity by use as anode, 
The system was then immediately evacuated and hydrogen admitted, 


giving the following as mean results : 
Amps. x 107°, 


Initially, 15 
After use as cathode, 1.8 
After use as anode, 15.5 


In this case also the current was increased about seven times in the 
hydrogen over that obtained in the nitrogen. 

4. Platinum in Oxygen.—Tests were next made in an atmosphere 
of oxygen. Here again there was a slight leak when the platinum 
was not exposed to the light. Duration of exposure, 20 seconds : 


Deflections. Amps.  10!°. 
After use as cathode, 3,2 .08 
After use as anode, 0,1, 2 .03 


After evacuating and admitting Aydrogen the following mean values 


were obtained : 
Amps. x 10!°, 


Initially, 
After use as cathode, 4.8 
After use as anode, 15.7 
After standing one hour, 10.8 
After use as cathode, 7.3 
After use as anode, 36 


q 
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Taking the last value here we find the photo-electric current about 
1,200 times as large in hydrogen as in oxygen. 

5. Relative Conductivity of the Gases.—To test merely the relative 
mobility of the ions in the different gases, in which case care was 
taken to see that the activity of the metal should remain unchanged, 
the’ following observations were made in the sequence given : 


Photo-Electric Current from Platinum. 


Gas. Pressure in mm. Amps. x 10!°, 
H 1.25 .83 
He 1.27 92 
N 1.23 97 
O 1.18 .97 
H 1.16 .83 
H 1.93 -69 
.66 .92 
Photo-Electric Current from Nickel. 
Gas. Pressure in mm. Amps. 
H 1.06 
He 1.07 .78 
H 1.04 .67 
N 1.06 
O 1.07 
H 1.03 .69 
H 2.19 .50 


That the activity of the metals did not change is indicated by the 
fact that after testing in the other gases hydrogen was again ad- 
mitted at the same pressure and the photo-electric current was 
found to approximate its original value. These tests show that the 
mobility of the ions in the other gases is as great if not greater 
than in hydrogen, hence the larger effect in hydrogen cannot be 
ascribed to this factor. The effect of gas pressure on the magnitude 
of the current is shown in these tables by the last tests in hydro- 
gen. To determine if the photo-electric current was affected by 
the ionization of the gas, the activity of zinc was tested at a pressure 
of .0005 mm. giving 17.2 x 10~"° amperes. Hydrogen at a pres- 
sure of 1.82 mm. was then immediately admitted and the activity 


again tested giving 15 x 10~“ amperes. Platinum was also tested 


at a pressure of .OOI1 mm. giving 3.6 x 10~'° amperes and at 1.2 
) 


mm. hydrogen the current was 4.2 x 107"... These observations 


show conclusively that the relatively large magnitudes in hydrogen 


— 
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are not to be ascribed to a greater ionization of this gas over the 
others because there appears practically no change in the current 
in passing from a high vacuum to the pressures used. 

6. Tests of Other Metals.—The following tables give for a num- 
ber of metals representative tests similar to those recorded in detail 
for platinum. Each test designated “after use as anode" and 
“after standing in the conducting gas’’ was always preceded by 
first using the metal as cathode for a moment in order to reduce 
its activity to the same initial value. Operation as anode as well 
as exposure to the conducting gas was only momentary. All tests 
were made at a gas pressure of from one to two millimeters. 
Quantities in parentheses indicate approximate values. The num- 


ber of the experiment indicates a freshly polished metal. 


Photo- Electric Current in Hydrogen 10". 


Metal, Esperi- Remarks. Initial. After, After | After 
Aluminium l 1.89 .88 4.4 
Antimony 1 2.33 13.9 32.5 
1.66 35 17.8 
(1.66) 45.5 33.1 
2 2 1.62 21.3 
2.16 29.5 
Bismuth 1 5.6 7 19 12.7 
5.11 18.6 12.2 
5.3 18.9 
2 4.4 7.77 35.8 15.6 
Cadmium 1 6.33 2.03 22.4 18.9 
1.33 23.8 
1.55 44.1 
2 55 3.11 16.9 
2.33 28.3 
(2.33) 22 
Copper 1 1.59 24.2 39.3 
3 19 21.5 
2 5.77 22 
7 19.3 
Gold 1 5.55 2.19 18.5 
2.22 17.9 4.33 
Iron .48 8.56 10.6 
Stood 12 hrs. 3.44 1.81 2.88 


2 84 4.7 17.7 


No. 4.] 
Metal Experi- 
ment. 
Lead “1 
Magnesium 1 
Nickel 1 
Platinum 1 
2 
Silver l 
Tin l 
Tin 
Zine l 
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Remarks. 


58 


55 


4.24 


Stood 12 hrs. 


2.77 


1.1 


74 


Stood 15 hrs. 8.53 
1.11 
15 
Stood 13 hrs. 
Stood 12 hrs. 


Initial, 


After 
Cathode. 
1.55 
6 
1.78 
1.89 
6.55 
5.55 
6.78 
22.4 
15.7 
46.2 
27.7 
60.1 
59.6 
23.3 
17.4 
11.8 
12.1 
6.33 
7.11 
1.44 
6.22 
2.77 
41.6 
3.63 


METALS. 


Photo-Electric Current in Hydrogen < 10".—Continued. 


After 
Anode. 
30.5 
36.8 


1.55 
2.33 


13.7 
12.6 
17.1 


41.1 

37.9 
136 

$1.1 


83.7 
69.9 
28.7 
53.7 
41.2 
56.8 
16.4 
16.8 
18.1 
19.9 
2.2 
79.5 
99.8 
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After 


Con. Gas. 


8.34 
11,3 


44 


13.6 
34.1 
25.7 
91.2 


74.4 
34.6 


22.7 
31.1 


12 


9.9 


60.2 
63 


| 
| 
| | 
| 
| 
ie 
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Photo- Electric Current X 10" in Helium followed by Test in Hydrogen. 


Ex- 
Metal. peri- 
ment. 
Aluminium 1 
Antimony l 
2 
Bismuth 1 


Cadmium l 
Iron 
Lead 1 
Nickel 1 
Platinum 1 
Silver 1 
Tin 1 
Zinc 1 


Helium. 


Remarks. 
Initial. After 


Cathode. 


27 


Stood 96 hrs. in H 


Stood 4 hrs. 


Stood 12 hrs. 


Stood 12 hrs. .05 0 


Stood 2 hrs. 
Stood hrs. 


Stood 1 hr. 


After 


Anode. 


.014 
.019 


me 


Initial. 


33 


.028 


3.05 


Hydrogen. 


After 
Cathode. 


1.5 
3.9 
17.4 
10.9 
14.6 
10.2 


12 
2.6 


11.6 
7.22 
14.5 


to 


po 


16.9 
18 


3.78 
ll 

9.67 
15.9 
22.8 


1.69 
13.1 

7.55 

7.89 


After 
Anode. 


8.8 
13.4 
10.5 
19.4 
28.4 


8.9 
20.3 
15.7 
14.3 


| 

1.6 

10.0 
0 0 0 17.7 
39 
1.38 el 1.33 20.9 
41.9 2 
4.16 3.66 
3.74 3.18 2.2 3 
12.1 

88 

0 0 0 12.9 

24.3 
.33 
7 1.25 Th 3 
l 10.9 
.028 08 

0 .08 

31.1 
1.71 13 
.27 36° .33 
.22 17 16 
5.8 93 
.061 .028 
055 
7.9 
0 0 0 i 
.083 .028 
.056 
| 


Metal. 


Aluminium 


Antimony 


Bismuth 


Cadmium 


Carbon 


Copper 


Iron 


Lead 


Nickel 


Platinum 


Silver 
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Photo-Electric-Current 


10” in Nitrogen followed by Test in Hydrogen. 


Nitrogen. Hydrogen. 
3.86 .92 
5.82 .94 2.11 1.94 6.65 
1 1.77 
19 
10 1.91 
7.76 2.2 
-66 42 
5 61 .14 2.99 5.22 
3.52 7.16 
2.3 0 55 4.33 8.22 
4.28 9.22 
.24 9.78 
4.5 l 
2.7 58 
16 25 
.49 .64 
55 .66 
1.44 1.91 
1.1 0 
54 .64 
92 86 l 1.66 6.55 
2.44 13.1 
7.88 3.69 
4.33 2.63 3.52 9.1 25.6 
6.6 11.1 
l 5.83 55 7 13.3 
3.6 12.5 
9.9 1.38 
.038 12 
2.47 2.48 
2.63 2.18 1.46 1.89 7.67 
1.83 15.5 
.08 2.6 
2.63 
«AS .78 1.6 6.33 9.9 
1.4 2.8 
1 2.5 
.14 5.4 9.88 14.4 27.2 
0 0 
8.87 12 
3.2 .06 05 6.55 ll 


4.66 4.66 21 


Ex- 
peri- Remarks. 
— ment. 
ig ° 
le. 
— 1 
l 
2 
| 1 
|| 1 
| 
1 
| 
| 
& 
2 
Tin l 
Zine l | 
Stood 6 hrs. 
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Photo- Electric Current < 10" in Oxygen followed by Test in Hydrogen. 
Oxygen. Hydrogen. 
Metal. Remashe. After After Initial. After After 
Cathode. Anode. Cathode. Anode. 
Aluminium -22 0 
0 
Antimony 0 0 
Bismuth 0 0 
Cadmium 0 0 
Copper 1.85 .83 
42 0 
Iron 0 0 
Lead 0 0 
05 0 
Nickel .33 0 
.28 1.2 
Platinum .08 0 
.04 .03 .01 4.77 15.7 
36.1 
Stood 12 hrs. 12.2 A2.i 23.3 
Silver 0 0 
Zine .055 .014 


.055 .022 6.1 16.7 


From these tables it may be seen that the photo-electric activity 
of all the metals is increased by use as anode in a glow current in hy- 
drogen while none of them, with the exception of silver in nitrogen, 
exhibits this property in any of the other gases. This exception 
makes it probable that there is an absorption of nitrogen by silver or 
the formation of a chemical compound sufficiently unstable to allow 
the nitrogen to play with the silver a part similar to that universally 
played with all metals by hydrogen. To test this supposition carbon, 
which is known to absorb nitrogen readily, was also tried and found 
to show a slight increase after use as anode in this gas — which 
results are given in the foregoing tables. 

7. Change with Time of Exposure. —Tests were also made of the 
rate of increase of the photo-electric activity of different metals by 
simply standing at a given potential in hydrogen. Similar tests were 
also made to determine the effect of the time of exposure to the 
conducting gas. The results are embodied in the following tables. 
Preliminary to each observation the metal was brought to the same 
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initial condition by use as cathode. The photo-electric effect was 
then tested as in the foregoing experiments with the metal at a nega- 
tive potential of 40 volts. 


Photo-Electric Current from Platinum in Amperes 10'°. 


Tienes tn Gee Potential of Metal while Standing in Non-Conducting Gas. 


(Minutes). 
° —20 — 40 — 120 +120 
0 y 8 7.2 8.3 8.8 
17.2 15.8 16.4 16.5 
2 17.4 17.4 17 20.5 16.4 
4 20.4 
5 21.6 22.2 24.4 23.3 
6 22.8 
10 22.2 24.2 24.4 28 24.1 
15 23.8 


This shows a marked time effect, approximating a maximum ac- 
tivity in 10 to 15 minutes for all potentials of the metal. No varia- 
tion with potential is however appreciable. 

The next table shows the effect of time of exposure to the con- 
ducting gas in seconds instead of minutes as above. 


Photo-Electric Current from Platinum in Amperes <10'°. 


aia tea Potential of Metal while Standing in Conducting Gas. 


(Seconds). 
° — 20 — 100 + 100 
2 22.5 19.4 23.9 23.8 
l 23.9 22.2 22.7 25.5 
5 25.5 28.9 23.9 28.3 
10 22.7 28.3 29.5 rm | 
60 36.1 36.6 


Here we find the activity of the metal increases far more rapidly 
in the conducting gas than in the non-conducting, there being very 
little increase after the first second exposure. 

The effect with various metals in non-conducting gas is shown by 
the next table. All exhibit the quality of increasing toward a 
maximum activity with time of exposure to hydrogen. A few 
show a decrease after a certain time is reached. 
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Increased Activity of Metals by Standing Insulated tn Non-Conducting Hydrogen. 


Current in Amperes ~ 10". 

ings | E |g & 2 

3 
< < o | 
0 4 5.7 89 2:7 26 | 28 | 72| 48: | 
1 a | 2.8 10 5 10 1 89 92 86 16 53 4.4 
5 2 42; 14 - 26 10 89 10 12 55 89 
10 — 15 15 35 10 — 18 13-24 61 
15 — 20 7.2 31 14 14 24 — 94 
25 — 24 


CONCLUSIONS. 


(a) From all of the tests made the indications are that hydrogen 
is the important factor in the photo-electric current. The relatively 
small values obtained for the photo-electric activity in helium and 
oxygen make it probable that if the metal could be entirely freed 
of hydrogen it would give no photo-electric current. The rela- 
tively large values obtained after use as cathode in hydrogen are 
most naturally ascribed to the fact that there is as shown in § 7a 
rapid recovery of the metal by simply standing, in this gas. It is 
likely that an immediate test of the metal after use as cathode in 
hydrogen, if such were possible, would reveal an activity no greater 
than that obtained under the same conditions in helium. 

(4) It was repeatedly noticed that the metal after use as cathode 
in hydrogen became negatively charged, and that after use as anode 
it became positively charged by simply standing in the non-con- 
ducting gas. This appears to indicate a transfer of negative elec- 
tricity with hydrogen, in that after use as cathode it absorbs hy- 
drogen and with it negative electricity —after use as anode its 
surcharge of hydrogen is given off and along with that also nega- 
tive electricity. 

(c) The photo-electric activity of silver and of carbon being 
slightly increased in nitrogen leads to the suggestion that, under 
favorable conditions, other gases than hydrogen might also play 
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the same part. The increase of the activity of silver by use as 
anode in nitrogen was however small compared with the increase 
caused by hydrogen. 

(2) The tables show that in most cases the photo-electric activity 
was larger in nitrogen than in either helium or oxygen. Whether 
this difference arose entirely from the metals being cleaner or in 
part from the effect of the nitrogen must remain an open question. 
We are inclined to ascribe it to the fact that more intense cleaning 
currents with the metal serving as cathode were used in this gas, 
having observed that the activity was in general much greater after 
large cleaning currents than after small ones. In the case of nitro- 
gen, this current was in some instances sufficiently intense to melt 
the solder supporting the electrode. On the other hand it is very 
improbable that the relatively small values obtained in helium and 
oxygen were entirely caused by tarnish, since none was visible in 
any of the tests made in helium, oxygen or nitrogen (with the 
single exception of silver in oxygen). 

I wish here to express my thanks to Dr. C. A. Skinner, of the 
University of Nebraska, for his help and inspiration to me in this 
work. 


THE BRACE LABORATORY OF PHYSICS, 
UNIVERSITY OF NEBRASKA, LINCOLN, 
May, 1908. 


6 
ad 


282 A. TROWBRIDGE. XXVIL. 


OPTICAL PROPERTIES OF COLLODION AND CELLU- 
LOID. 


By A. TROWBRIDGE. 


N an attempt to find a substance suitable for use as a protective 
coating tothe rock-salt surfaces commonly employed in infra-red 
spectro-bolometric work the present writer has recently investi- 
gated the optical properties of collodion in the spectral region 
lying between the red and the wave-length 4 =10 » (107* cm.). 

While collodion is not suitable as a protective coating beyond 
the wave-length 4 = 6 y its optical properties are sufficiently inter- 
esting to warrant the publication of a brief report of the work. 

The films of collodion were formed by flowing the liquid on a 
plane-parallel polished rock-salt plate and allowing the alcohol and 
ether to evaporate. After a few trials it was found possible to pro- 
cure excellent optical surfaces which were fairly uniform in thick- 
ness. 

The rays from a Nernst filament were brought to a focus on the 
slit of a large mirror spectrometer by means of a silvered concave 
mirror. Between the Nernst filament and its real image on the 
slit the rock-salt plate with its film of collodion was mounted so 
that it might be brought toa position to transmit the rays at approx- 
imately normal incidence or removed entirely from the beam. 

The spectrometer used had a divided circle of about 25 cm. radius 
provided with micrometer microscopes to read to one second of arc. 
The spectrometer-mirrors were 12 cm. in diameter and of one meter 
focal length. Dispersion was obtained by means of a rock-salt 
prism, 12 cm. high x 7 cm. provided with the mirror arrangement 
due to Wadsworth. 

A bolometer and galvanometer were used as a measuring instru- 
ment, the sensibility of which was, in terms of the candle at a meter 
distance, about 1,500 scale divisions. 

The bolometer with its balancing coils and fine adjustment slides 
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was mounted in a water-jacketed air-tight metal case provided with 
a rock-salt window in front of the exposed strip which was 0.5 mm. 
wide and 20 mm. long. The resistance of the strip was about 3 
ohms and the current flowing in it 0.08 ampere. The galva- 
nometer was a four coil astatic needle instrument provided with 
triple concentric soft iron shields — the movable system weighed 
5 mg. and the resistance of the galvanometer coils connected in 
multiple was 3 ohms. 

The method employed in obtaining the data for the transmission 
of the collodion film was as follows: The spectrometer was set so 
that energy of a known wave-length fell on the bolometer strip. 
The steady deflection of the galvanometer was taken as proportional 
to the energy of the given wave-length in the light of the source. 
The rock-salt and collodion films were then placed in the path of 
the rays from the source and the galvanometer deflection taken as 
proportional to the energy transmitted by the rock salt and film. 


From three to ten such observations were taken for every setting 
of the spectrometer in order to eliminate errors due to irregularities 
in the radiation of the source. . 

The average of the ratios obtained by dividing the transmitted 
energy by the incident energy is the percentage of energy trans- 
mitted. The difference between this and 100 is the per cent. ab- 
sorbed and reflected by the film and salt plate together. 

In order to eliminate the effect of the plate it was of course 
necessary to repeat the observations using the same plate with a 
film of some different thickness. The results of these two series of 
observations are shown by two of the curves of the accompanying 
figure — the upper curve a showing the transmission of the plate 
with a thin film, the lower curve 4 that with a thicker film. 

The difference in thickness of the two films used was about 0.0003 


cm. This value is estimated in part from a long series of measure- 
ments with a large spherometer and in part by an interference 


experiment. 
ae As the thickness given above is probably not correct to within 
ee 20 per cent. and as this error would enter into any absolute values 


calculated from the experimental data (though the relative values 
are probably correct to within less than one per cent.) the results 
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of the observations on transmission are here given in graphical form 
only, 

In addition to the transmission experiments data were obtained 
on the reflection at approximately normal incidence (curve c) from 
the thicker collodion film and on the transmission of a film of clear 
celluloid (0.07 mm. thick) curve d. 

Collodion shows two strong absorption bands and one weak 
double band. The positions of the strong bands are 4 5.89 » and 
A= 7.79". The former of these is so narrow that it might well 
serve as a reference point in the infra-red spectrum. 

The middle of the double band lies at about 3 4, as may be seen 
from the scale of wave-lengths at the top of the figure. 

It was impossible to carry out transmission experiments on the 
relatively thick celluloid film beyond 6.75 s on account of lack of 
energy. Inthe region fom /A=1 there occurs a 
double band whose middle is coincident with the double band of 
collodion and a single band also coincident with the first single 
band of collodicn. 

It would seem that this band is characteristic of nitro-cellulose 
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which is contained in both collodion and celluloid, and it is possible 
that the band at 4 = 7.79 yp is also characteristic since the only 
other substances which would be likely to produce absorption are 
water, alcohol and ether. Aschkinass ' has reported water bands at 
2 = 3.66 and 4=6.10y and Julius* found a strong band of the 
alcohols at 3.45 # and for ether at 3.45 # and 5.58 yw. 

It is evident that neither of the single bands of collodion nor the 
single band of celluloid is due to any one of these substances. It 
is not possible to draw the same conclusion with regard to the double 
band at 3 

In the case of collodion there is a fourth region of absorption 
with its maximum about A= 9.4 4. It was impossible to explore 
this region accurately on account of lack of energy. 

Since the transmission of collodion films of two different thick- 
nesses was studied it was possible to eliminate the effect of reflec- 
tion and of the absorption of the rock-salt plate on which the films 
were formed. The values of x for the middle of the absorption 
bands at 5.89 4, 7.79 wand 9.4 # are 0.14, 0.29 and 0.33 respec- 
tively. 

Nitro-cellulose has one or more well-marked absorption bands 
in the infra-red for which the extinction coefficient attains a suffi- 
ciently large value to account for the evidences of metallic reflection 
exhibited in curve c. 

PRINCETON UNIVERSITY, 
June, 1908. 


Wied. Ann., §5, 1895. 
2 Beibl., 17, 34, 1893. 
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A SINE-WAVE ELECTRICAL OSCILLATOR OF THE 
ORGAN PIPE TYPE.’ 


By FREDERICK K. VREELAND. 


IIE apparatus here described is designed to produce undamped 
electrical oscillations of pure sine-wave form, constant ampli- 
tude and constant, but readily controllable, frequency. The power 
is derived from an ordinary direct-current lighting circuit, and the 
transformation into high frequency alternating current is effected by 
a purely electrical method without the intervention of moving parts. 
Several forms of the apparatus have been developed which are of 
the same general type, but which accomplish the result by some- 
what different means. Two of these are selected for description 
here because they may be regarded as typical and because they are 
peculiarly fitted to meet the demands of ordinary laboratory service 
and general electrical testing, where it is desirable to have an ap- 
paratus which is convenient, self-contained, positive, reliable, and 
not requiring manipulation or adjustment when in operation. A 
third form which is capable of handling larger amounts of power at 
extremely high frequencies will be the subject of another paper. 

I have designated the apparatus as being of the ‘organ pipe 
type’ because the process of transforming the continuous direct 
current into an undamped harmonic one is closely analogous to the 
phenomena which occur in an organ pipe. Fr ree oscillations are set 
up in an electrical oscillating circuit, and these oscillations are main- 
tained at constant amplitude by continuously feeding energy into 
the circuit in synchronism with the oscillations to supply that lost in 
the circuit itself and in doing external work. The process consists 
briefly in causing the direct current to maintain an arc, or stream of 
electrons forcibly ejected from a cathode, and causing this arc or 
stream of electrons to impinge on one or the other of two anodes 
constituting the positive terminals of the double arc. In shunt 


! Paper presented before the American Physical Society, February 28, 1908. 
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across these anodes is connected an oscillating circuit, comprising 
a capacity and a self-induction in series, and means are provided 
for deflecting the cathode blast so that it will impinge first on one 
anode and then on the other, thus applying a series of alternating 
impulses to the two terminals of the oscillating circuit. The 
frequency with which the arc is deflected is made to coincide with 
4 the natural frequency of the oscillating circuit by causing the 
Z deflection to be produced or controlled by the oscillations them- 
4 selves, and in this manner energy is fed into the oscillating circuit 
in synchronism with the oscillations. 

There are a number of ways in which the deflection of the arc or 
cathode blast may be accomplished.' Two of the most effective 
J are described below. In both of these the arc is deflected by a 
magnetic field, which in the one case is transverse, or normal to the 
path of the current, and in the other case axial, or parallel to the 
flow of current, but with the direction of its axis continuously 
varying. 

THe TRANSVERSE METHOD. 

For the purpose of exciting the oscillations it is possible to use 
an ordinary carbon arc, having two positive electrodes and a single 
negative, but it is preferable to employ a form 
of arc in which the electrons are more free to 
move, and hence more readily deflected by the 
magnetic field. This condition is met admir- 
ably by a mercury arc 7” vacuo, which has the 
further advantage of being perfectly self-con- 
tained and automatic in its action. It is 
capable of carrying large currents at con- x 
venient voltages, and the cathode material, 
mercury, being easily condensable, flows to 
the bottom of the containing tube and keeps 
the cathode constantly replenished. 


The diagram, Fig. 1, shows the circuit con- Fig. 1. Connection Dia- 
4 nections of the transverse field apparatus. eee” ven 
scillator. 
2 Here 7 is a mercury-vapor tube having a 


single mercury cathode A,.and two carbon anodes A, B. This tube 


'See U. S. Patents Nos. 829934 and 829447, August 28, 1906. 
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is connected across a source of direct current through a regulating 
rheostat X and a pair of choke coils ZZ’, one in each anode branch. 
The oscillating circuit A/C#’A is shunted across the anodes AP, 
and comprises the condenser C and a pair of field coils ##”. These 
coils are so placed as to embrace the body of the tube, which is 
spherical in form, so as to produce the necessary magnetic flux for 
deflecting the arc. The coils are placed with their axis perpendicu- 


lar to the plane of the three electrodes of the tube, hence their field 


tends to deflect the electrons laterally in this plane. 

The choke coils ZZ’ serve to maintain a constant current in the 
two anode branches, so that the current through the tube is nor- 
mally divided equally between the two anodes. When a current 
traverses the field coils, however, the arc is deflected laterally, so 
that there is a tendency for more current to flow through one anode 
than through the other. As the choke coils prevent any material 
variation in the supply current, this tendency results in a current 
impulse traversing the oscillating circuit from, say, anode A to 
anode 7. This current traverses the field coils, which are wound 
in such a direction that the resulting magnetic flux tends still 
further to deflect the arc, and cause an increased current to flow 
from anode 4 to anode #2. This continues until the condenser C is 
charged to a certain limiting point, when it begins to discharge, 
reversing the field, and causing the arc to be deflected in the other 
direction, so as to force the current through the oscillating circuit 
from anode # to anode A. This process being repeated indefinitely 
results in feeding energy into the oscillating circuit in synchronism 
with the oscillations, which are thus maintaincd at constant ampli- 
tude and at a frequency determined by the electrical constants of 
the oscillating circuit. The frequency may be controlled instantly 
at will by varying the capacity of the condenser or the self-induction 
of the field coils. 


THE BEAM METHOD. 


In the above described method the direction of the magnetic field 
is normal to the path of the electrons from cathode to anode, hence 
they are urged in a direction perpendicular to the magnetic flux and 
to their own velocity and so tend to follow the surface of the glass 
in the shortest path from the cathode to the preferred anode. 
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In the second method, whose arrangement is shown diagrammati- 
cally in Fig. 2, the mercury-vapor tube is embraced by a pair of field 
coils JZV having their axis vertical, that is, parallel to the axis of 
the tube. These coils are traversed by a constant direct current 
which excites an axial magnetic field of unvarying intensity, hence 
those electrons which are ejected from the cathode in a truly axial 
direction will not be influenced by the field. Those which are ejected 
obliquely will be unaffected as regards 
the axial component of their velocity, 
but in the horizontal component they 


will experience a force at right angles to 


the magnetic flux and to the direction of 
this horizontal component. This con- 
stant deflecting force will transform the 
horizontal velocity into a circular mo- 
tion, which being compounded with the 


axial component results in the electron 


describing a helix having its axis coin- 
ciding with the direction of the magnetic Fig. 2. Connection Diagram — 
flux. If the field be strong the diameters cetnien iene 
of these helices will be small, and we may say approximately that 
all the electrons, whatever their initial direction, are forced to fol- 
low the direction of the magnetic field. 

This is made distinctly visible in the operation of the apparatus. 
When the field is not excited the arc appears as a pale diffused glow, 
filling the tube ; but immediately on closing the circuit through the 
axial field coils a brilliant beam of light is seen, starting from the 
bright pit on the surface of the cathode and following the direction 
of the flux until it impinges on the glass, or on one of the anodes. 

If now the axis of the field be made oblique, instead of truly ver- 
tical, the beam will be correspondingly deflected ; and so by changing 
the direction of the field the beam may be caused to impinge on either 
of the two anodes at will. When it impinges on an anode the con- 
ductivity of the path from this anode to the cathode is greatly in- 
creased, and an impulse is impressed on the terminal of the oscillat- 
ing circuit connected to this anode? By causing the direction of the 
field to vary periodically these impulses may be applied to the two 
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anodes in succession and in synchronism of the oscillations, thus . 
supplying energy to the oscillating circuit. 

A convenient way of changing the direction of the field is by 
compounding it with an alternating field having its axis perpendicu- 
lar to the axis of the constant field, and in the plane of the anodes. 
Thus in Fig. 2 the alternating field is excited by the coils #7”, which 
constitute the self induction of the oscillating circuit AFC/’ 2. The 
constant axial field is represented by the arrow Avand the alternat- 
ing field by the arrow ea or 0. The resultant flux varies little in 
intensity, but its direction changes from Aato A@, the angle aA?é being 
determined by the relative intensities of the two component fields. 
These intensities are so adjusted that the maximum angle embraces 
the arc of the anodes A/, which in this form of apparatus are made 
of sheet iron bent on the arc of a circle having its center at the cath- 
ode. Whentheapparatus is in operation the vibrating cathode blast 
appears spread out as a fan or wedge of light having its apex at the 
cathode and sweeping over the surface of the two anodes. 

The bombardment of the anodes by the cathode blast is accom- 
panied by a considerable mechanical force, which is sufficient to 
bend visibly the anode on which the blast impinges. By adjusting 
the frequency to correspond to the natural period of vibration of 
the anodes they may be caused to vibrate so violently as to seri- 
ously endanger the tube. 


PRACTICAL FEATURES. 
This form of oscillator possesses certain advantages, but for ordi- 
nary laboratory purposes the transverse field type is usually prefer- 
able because of its extreme simplicity. It is started by means of 
an auxiliary anode Ao in the bottom of the tube, which is brought 
into momentary contact with the mercury of the cathode by agi- 
tating the tube, the stariing switch .S being closed, thus breaking 
down the cathode resistance and establishing the arc. Once started it 
will continue to oscillate indefinitely without adjustment or attention 
of any kind, and without fluctuations of intensity or frequency of the 
oscillations. 

The wave-form is exceedingly pure: thus when the oscillations 
are used in comparing a very inefficient condenser with an efficient 
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standard, or in measuring an inductance containing iron, using a 
sensitive bridge method with telephone and compensating series 
resistance, the balance point is marked by absolute silence without 
a trace of the higher harmonics which can never be eliminated by 
adjustment if they are present in the supply current. It is thus 
possible to make settings of the most extreme precision. 

The constancy of frequency and intensity and the purity of wave- 
form are due in large measure to two factors: First, the shunting 
of the oscillating circuit across the two anodes eliminates from this 
circuit the only possible source of irregular fluctuations, viz., the 
cathode. Fluctuations at the anode surface and in the vapor column 
are practically /. Second, the energy supply is not made up of 
discontinuous explosive impulses, as in the various “ singing-arc"’ 
methods, but is a continuous function, approximately harmonic in 
form, resulting from gradual changes in the conductivity of the 
vapor column. Thus the oscillations are not forced, but are the 
natural vibrations of the oscillating circuit, and are determined defi- 
nitely by the constants of that circuit. Furthermore, this circuit, 
being a “stiff"’ vibrator, effectually sifts out any harmonics which 
the wave-form of the energy supply might tend to introduce. 

The characteristics of the current and electromotive force waves 
are shown by the oscillograph records, Figs. 3, 4 and 5, which, 
though necessarily taken at relatively 
low frequencies, may be regarded as 
typical. Fig. 3 is atypical record of the 
loaded condition. The middle curve /o 
represents the alternating current in the 
oscillating circuit ; the lower curve /a is 
the pulsating current in one anode, which 


consists in the alternating current super- 


imposed upon the constant direct-current 
supply ; the upper curve IV’ represents 


Fig. 3. 


the potential difference between the two 
anodes, which is instrumental in supplying the energy to the oscil- 
lations. It will be noted that the current wave shows no trace of 
the flat minimum which is characteristic of the singing-arc methods. 
Fig. 4 is a similar record taken at a frequency of 2,000 cycles 
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per second. This is about the limit of the oscillograph’s capacity, 
and the wave-forms are somewhat distorted on account of the near 
approach to the natural period of the galvanometer system. 

Fig. 5 shows the apparatus under light load. As the amplitude 
of the oscillation is now equal to the direct anode current no further 
increase in amplitude is possible, hence the energy supply must be 
cut down. This is accomplished automatically by a diminution in 
the area of the E.M.F. curve, which is shown by the notched crest. 
This notch becomes deeper with decreasing load. When the oscil- 
lator is fully loaded the notch completely disappears, as in Figs. 3 
and 4. The apparatus thus works at practically constant current 


over a wide range of output. 


The life of the tube has no limit which has yet been determined. 
One of the oscillators exhibited at the meeting has been in operation 
in my laboratory for nearly three years without showing any sign 
of deterioration. 

Fig. 6 is a photograph showing a complete oscillator set of the 
transverse field type. 

The mercury vapor tube is seen with its globular portion sur- 
rounded by the two annular field coils, which are mounted on 
pedestals above a hollow base. This base contains the condensers, 
choke coils, and a small motor-driven fan for cooling the tube. The 
condenser is divided into ten large and ten small units, the former be- 


ing connected to a fan switch for coarse adjustment of the frequency 


and the latter to a similar switch for fine adjustment. These switches 
are seen mounted on top of the base. If desired infinitesimal varia- 


lo 
Fig. 4. Fig. 5. 
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tions of frequency may be obtained by slightly moving one of the 
field coils, thereby altering the effective self-induction of the system. 


There is also a double-throw switch by which the field coils may 


be connected either in series or in parallel, giving a variation fre- 
quency of 2 to I. 


Fig. 6. Complete Oscillator — Transverse Field Type. 


The third coil shown in the figure is an adjustable secondary 
from which the working current is taken off. This coil is wound in 
sections controlled by a button switch on its standard, and is ar- 
ranged to slide horizontally and to rotate on a vertical axis for ad- 
justing the mutual induction between primary and secondary, and 
hence the strength of the induced secondary current. There is also 
a secondary condenser, adjusted by a third fan switch, which may 
be connected in series with the secondary coil for purposes of 
tuning. 

This apparatus was constructed for the writer by the Leeds & 
Northrup Company of Philadelphia. 
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ON THE RANGE AND TOTAL IONIZATION OF THE 
a PARTICLE. 


By S. J. ALLEN. 


INTRODUCTION. 
HE original object of this investigation was to determine the 
range of the « particle from the excited activity of the atmos- 
phere, and to compare it with that of radium C. Since, however, the 
method used by the author gave results which were not seemingly in 
accordance with the present theory of the a particle, a more detailed 
investigation was made, dealing with the total ionization of the a 


particle from radium, thorium and uranium. The results of this, 


together with those on the excited activity of the atmosphere, are 
embodied in the present paper. 

The work of a number of investigators in different parts of the 
world has pretty conclusively shown that the excited activity of the 
atmosphere is due to the presence of radium and thorium in the 
earth's crust. The author has shown in a recent paper’ that the 
excited activity at Cincinnati always contains RaC, generally RaB, 
and sometimes thorium B in very variable quantities. The presence 
of RaA is difficult to detect on account of its rapid rate of decay. 
There may also be a possibility of the presence of the excited ac- 
tivity due to actinium. In general then, by far the greater part of 
the excited activity of the atmosphere is due to RaC. 

The range of the @ particle from RaC as determined by Bragg 
and Kleeman is about 7.1 cm. and this ought, therefore, to be the 
maximum range of the « particle from the excited activity of the 
atmosphere if RaC is always present, since RaC has the longest 
range of any of the radio-active substances with the exception of 
thorium C. 

The method used by Bragg and Kleeman to determine the range of 
the a particle necessitates a considerable quantity of the radio-active 


1S. J. Allen, Puys. ReEv., June, 1908. 
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material of sufficient strength, such that, after passing through the grid 
of small vertical tubes, the activity is great enough to be measur- 
able with accuracy. 

For the weak radio-active substances, such as uranium, and the 
excited activity of the atmosphere, this method is not applicable. 
Some method must, therefore, be used in which the total ionization 
is measured. In order to obtain the range of the a@ particle from 
uranium Bragg’ has made use of a simple method, which is appli- 
cable to a substance having but one range of its a particle, but not 
to a mixture of several substances, such as the excited activity of 
the atmosphere is in general. In this method the total ionization 
between two parallel plates, on the lower one of which is spread a 
uniform layer of the radio-active substance, is measured for different 
thicknesses of absorbing material placed over the radio-active layer. 
Formulz, based on theoretical considerations of maximum range of 
the particle, variation of ionizing power with the velocity of the par- 
ticle, and of the stopping power of the absorbing material, are 
deduced by him and show the theoretical relation between the current 
for the uncovered radio-active layer and that for any thickness of 
absorbing material. This same relation is experimentally obtained, 
and by a comparison between the two the range of the a particle can 
be deduced. 

The method used in the present investigation is based on the 
following considerations : 

The work of Bragg and Kleeman has shown that the a particle 
from a single radio-active substance is ejected with always the 
same velocity, and travels a certain distance in a gas before it has 
ceased to ionize. This distance is known as the range of the 
particle, and is a constant quantity for any one gas, the temperature 
and pressure being kept constant. Furthermore, when a layer of 
absorbing material is placed on the radio-active substance, the range 
of the particle is decreased by an amount proportional to the thick- 
ness of the layer. 

If D represents the decrease of range of a particle traveling nor- 
mal to the surface, o the density of the absorbing layer referred to 
air as unity, ¢ the thickness of the absorbing layer, then 

D= pt. 
1 Bragg, Phil. Mag., June, 1906. 
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The range of a particle making an angle @ with the normal will 

be given in general by the expression 
r=R—Dsec. R— pt sec 

where & is the range when the radio-active substance is uncovered. 
A layer of radio-active substance of sufficient thickness to absorb 
those particles which come from the bottom would eject particles 
having all ranges from o to 2X. 

The distribution of ionization between the plates will not be uni- 


form but denser near the lower plate, and gradually falling off as we 


go toward the upper plate, and ceasing more or less abruptly as the 


maximum range of the particle is reached. The total ionization 
will, therefore, increase rapidly at first, then more slowly and fin- 
ally reach a maximum value when the particles of maximum range 
have lost completely their power of ionizing. The distance between 
the plates, when this maximum value is reached, should represent 
the range of that «@ particle of the greatest velocity which is pro- 
jected normally from its surface layer of the radio-active material. 

If we measure the maximum ionizations for two radio-active sub- 
stances, of which the range of one is known then the range of the 
other can be calculated: if R represent the range of the a particle 
and d the distance between the plates for maximum ionization of the 
known radio-active substance, XR, and J), the corresponing quan- 
tities for the unknown substance, then we have 

RD, 

This method gives of course only the range of the a particle of 
maximum velocity. If the excited activity of the atmosphere al- 
ways contained RaC, then the range of the a particle from it should 
always be equal to that of RaC, viz., 7.1 cm., no matter what may 
be the rate of decay of its activity. 

If we consider only those particles which come normally from 
the topmost layer of the radio-active substance, and assume that the 
ionization is uniform along the path of the particle, then the ioniza- 


R 


tion can be expressed as follows : 


d 
i= | ndr =n,d(d > Rk), 
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where 2 = number of ions produced in unit distance. The maxi- 


mum value of this will be 


T= unk. 


The curve representing the relation between ¢ and d will be a 


straight line from d= 0 tod= R. 
If we are dealing with a radio-active material which has several 


radio-active constituents, such for example as radium in radio-active 
equilibrium, then each constituent will give rise to a curve of the 


above nature, and the total ionization will be given by the summa- 


tian of these curves. 


(d€>R), t,=nd, (d>R,), t= R,), ete. 


/ 


Cc 


/V 
S 


(ONIZA TIO, 


| 
{ 


10 20 30 40 
DISTANCE BETWEEN FLATES 


Fig. 1 


This is illustrated for radium in Fig. 1, the ordinates representing 
ionization, and the abscissa distance between the plates. The curve 
ode represents the ionization due to RaC, oce that due to radium 
emanation, o/c that due to RaA, and aae that due to Ra. The sum- 
mation of these curves gives the curve ova’é'c’d’e’. This curve 
therefore would bethat for an infinitely thin layer of radium in radio- 
active equilibrium. If the ionization does not end abruptly, then the 


corners of the curves would be rounded off into a smoother curve. 
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The maximum value of this curve is given by d = 2, the maximum 
range of the X particle from RaC. 

Now consider the particles coming from a layer distant ¢ below the 
top layer. The maximum range of these will be R—p¢. The 
curves will be 


(d>R,—pt), t,=nd, (d> R,— pb), etc, 


1 2 
the same as before, except that the maximum values will be less and 
occur at a shorter distance between the plates. The summation of 
the curves for this layer will give a curve which is identical with 
oa’ b'c'd'c’ uptod=R 
mum for d= R — p¢ 


, — pt, after which itis less, rising to a maxi- 

If these two summation curves are added together, we obtain a 
curve which has its maximum at the same point as the first, viz., 
d=R. 

The effect of adding curve after curve is to stretch the total ioni- 
zation curve upwards and to the left, the position of maximum 
ionization always remaining the same. 

Those particles which are projected in other than normal 
direction will not effect the position of maximum ionization, but will 
simply stretch the curve still further to the left and upward. 

Finally there is obtained for the total ionization due to a layer of 


radio-active material a curve such as AAC... , which has its maxi- 


mum value for a distance between the plates equal to the range of the 
a particle of maximum velocity. 


EXPERIMENTAL ARRANGEMENT. 

The experimental arrangement is very simple and is shown in 
Fig. 2. Inside a brass box A are supported two brass plates 2 
and C, which are insulated from the casing by ebonite blocks D, 
Zand‘. The plate 4 can be moved up and down by means of a 


vertical rod,and is connected through this rod to one pair of quadrants 


of the null reading electrometer constructed by the author, and de- 

scribed in a recent paper.'| The lower plateC contains the radio-active 

material, and is connected to one pole of a battery of small lead accu- 

mulators. The other pole of the battery is joined to the lower plate 4 
1S. J. Allen, Phil. Mag., Dec., 1907. 
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of the uranium standard. The plate a of the standard is connected to 
the same pair of quadrants as the plate / of the testing vessel. The 
other pair of quadrants of the electrometer is joined to earth through 
a contact-key. The box 4 is joined to earth, as is also a point on 
the battery which is always adjusted to give the same potential 
difference (about 100 volts) to the plates a and @. 

The cover of the uranium standard slides in, and out, by means 
of a rod carrying a vernier and moving over a scale graduated in 
millimeters. The calibration curve of the instrument is plotted in 


relative values of the ionization, half way on the scale being taken 


+ if 
Battery 


Fig. 2. 


as 100 per cent. and the others expressed accordingly. The maxi- 
mum position on the scale corresponds to 208 per cent. 

The working of this arrangement is evident from the figure; a 
negative current from C to 4 charges the quadrants up to a nega- 
tive potential. The cover of the standard is then opened until the 
positive current so obtained neutralizes the negative charge on the | 
quadrants, when the needle comes to rest. The ionization between 
/ and C is thus obtained in terms of that of the standard. The 
point of balance can easily be determined to one half, and with care 
to two tenths of a millimeter. Two currents through CA, differing 
as little as one half per cent., can be quite readily distinguished 
from one another. 

The chief advantages of this instrument are, that the relative 
values obtained are independent of change of capacity in the system 
and of change in the sensitiveness of the electrometer; two very 
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desirable qualities in this experiment. The total maximum current 
available with the standard is about 400 times the natural leak of 
air, so that the ionizations used in this investigation do not exceed 
that amount, and are in general much less. 

As stated above, the potential difference between the plates of 
the standard was kept constant at 100 volts, this being sufficient 
for saturation. On the other hand, the potential difference between 
B and C could be adjusted to any desirable amount, up to 1,000 
volts, so as to obtain approximate saturation. 

It was found in general that 150 volts was sufficient to produce 
the maximum current, which is what we are accustomed to call 
saturation. 

EXPERIMENTS WITH Rapium. 
In these experiments the radium used was about 7,000 activity, 


and the active layers were prepared in several different ways. A 


thick layer of large area could not be used as the ionization from it 


was too large to be balanced by the standard. A piece of card- 
board .5 cm. square was covered with a thin coating of shellac and 
then some powdered radium was dusted over it. When hard the 
radium was rubbed off until just sufficient was left to cause a current 
of the desired amount. This radium layer was then placed in the 
center of the plate C, and readings taken of the ionization for 
various distances between the plates. A sample set of readings for 


this case is shown in Table I. 


TABLE I. 


Radium Thin Layer. Area = .25 sg. cm. 


Distance between Plates Balance Point. Relative Ionization. 
in cm. 
0.6 38.0 60.0 
1.1 55.2 98.5 
1.6 66.0 122.0 
2.1 73.5 138.5 
26 78.0 148.5 
29 79.8 152.0 
32 81.1 155.0 
34 81.6 156.0 
36 82.0 156.5 max. position 
41 82.0 156.5 
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These results are plotted in a curve £, Fig. 3, where the ordi- 


nates represent ionization and the abscisse the distance between 


plates. This curve shows that the current between the plates 


increases with their distance apart, reaching a maximum at 3.6 cm. 
Here we are dealing with radium in radio-active equilibrium and 


the a particles from the surface should have a range equal to that 
of RaC, viz., 7.1 cm., and consequently the theoretical maximum 
should occur at this distance. Instead of that the maximum is ob- 
tained experimentally at about half this distance. The error in 
finally determining this position is certainly not greater than 1 to 


2 mm. 
Radium films were next tried, and were prepared in two different 


ad 
oC 
/ | 
é 
Ly 
/ 
| 
Vi, 
»A. Seale X8 
40 


/0 20 30 40 
DISTANCE BETWEEN PLATES 


Fig. 3. 


ways. In the first the radium was dissolved in water, and a small 


amount of the solution evaporated down to dryness on an iron 
plate. The radium bromide did not dissolve very thoroughly, but 
some remained suspended in fine particles, so that the films ob- 
tained were composed of small particles or crystals more or less 
isolated from one another. In fact, as Bragg states, all radium 
films thus prepared consist of fine particles distributed over the sur- 


face, and easily seen under the microscope. 
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The iron plate containing the film was laid on the plate C of the 
testing vessel, and readings made in the same manner as before. 
The results of one of these tests are expressed in curve 4, Fig. 3. 
The shape of this curve is somewhat different from that for the 
radium layer £, being straighter and not raising so rapidly at 
first. However, we see that the maximum occurs at 3.5 cm., about 
the same as for the radium layer. The area of the film was roughly 
25 sq. cm. which is 100 times that of the radium layer, so that the 
distribution of the ionization in the two cases was quite different. 
This, together with the fact that the mean range of all the particles 
in the case of the film is greater than in the case of the layer, would 
account for the difference in shape of the two curves. 

Since the maximum point is the same for both cases, it would 
indicate that the maximum range of the « particle was the same, 
and that therefore RaC was present in the films as well as in the 
layer. This curve was taken after the film had become dry, and 
long before the radium could again reach the state of radio-active 
equilibrium, so that the large proportion ‘of RaC present is prob- 
ably due to the solid particles of the film not allowing the emana- 
tion to escape. 

The solution was allowed to settle for some days and then a little 
of the clear solution at the top drawn off and evaporated on a plate. 
The readings for this case are plotted in curve 4, Fig. 3. The 
shape of this curve is much different from the other two already 
mentioned, rising straighter and more rapidly from the origin, and 
reaching a maximum at 1.8 cm. 

These facts show us at once that we are concerned with a much 
simpler radiation of a smaller range than in the other two cases. 
This film would be very much finer in grain than the other two and 
contain very little emanation or radium C, so that we would expect 
the maximum range to be that of radium. The range given by the 


equation, 


Rd, 


‘ 7’ 3 equal to 3.6 3.55 cm. 
This is about the same value as obtained by Bragg for radium. 
The second mcthod of preparing the films was to suspend the 
iron plate over an evaporating dish containing a little radium, and 
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then to heat the radium to barely a dull red. In two hours’ time 
a film too strong for the instrument to balance was obtained. The 
film was then rubbed over with a piece of emery cloth until the 
amount of activity left was small enough to be measured by the 
standard. The activity of this film did not decay with time but 
after a month was a little stronger than when first prepared. 

The results of experiments on this film are expressed in curves 
Cand J, Fig. 3. Curve C was taken a few hours after preparation, 
and J about one month later. Both curves are the same in shape 
and rise to a maximum at about 3.5 cm. which shows that radium 
C was present in both. 


I have never seen this method of preparing films described and 


it might seem to be a very convenient one to use, when one does 
not like to dissolve valuable radium in water. The film must be 
very fine in grain, and attached very firmly to the metal to stand 
rubbing with emery. 

The results of these experiments on radium give a position of 
maximum current which is only about one half what it should be 
according to theory. 

At first sight several reasons occur to one which might account 
for this great difference. In the first place, as the plates are moved 
apart the electric field may fall below that necessary to saturate the 
gas, in which case the current after a certain distance apart would 
fail to represent the full ionization at that distance. In order that 
there should be no doubt with regard to this point, a number of 
experiments were made at different voltages. 

The readings for these are shown in Table II. 

These readings are also plotted in Fig. 4, curve A representing 


TABLE II. 


Potential 
Distance 
55 volts 29.5 50.7 74.7 79.7 82.0 82.5 82.5 82.0 81.0 79.0 71.0 60 
87.0 
im * 33.2 53.5 77.8 84.0 88.0 89.5 90.0 90.0 90.0 89.0 86.0 81.0 69.0 57.0 47.0 
345 84.5 89.0 90.3 84.5 80.0 71.5 
550 85.0 90.3 72.5 
800 72.0 
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those for 155 volts, and curve # those for 55 volts. Both these 
curves are of the same shape, and both rise toa maximum at about 
the same point, viz., 3.5-3.6 cm. The maximum current only 
remains constant for a short distance, and then decreases rapidly, 
so that at a distance of 7.1 cm. (the theoretical range) the current 
is only about 78 per cent. of the maximum. As can be seen from 
the table the ionization is saturated at about 400 to 500 volts, that 
is to say, no more current can be obtained with further increase 
of voltage. At 155 volts the current is almost saturated and this 
voltage is the one used in most of the other experiments. 

If the ionization is practically saturated at a distance of 7.1 cm. it 
certainly will be so for all distances less than that, since the electric 
field will get greater and greater. The great drop in the curve 
after 4 cm. cannot therefore be ascribed to lack of voltage. At 
any rate the position of the maximum current is not affected much 
by a lack of saturation, since it is practically the same at 50 volts as 
it is at 500 volts. 

In curve C are plotted some results for a radium layer of very 
small area placed in the center of the upper plate 2 of the testing 
vessel, This case approximates quite closely to a point source. 
As is seen the first part of the curve is of the same shape as 
curves 4 and #, rising to a maximum at 3.6 cm. The curve 
after 3.6 cm. does not, however, drop as suddenly, and at 7.1 cm. 
the current is still about 97 per cent. of the maximum. The volt- 
age used in thiscase was 150. At 550 volts the maximum current 
was a little greater, but occurred at the same point and remained 
constant up to 7.1 cm. and then decreased slowly. 

The results when the radium layer was placed on the lower plate 
were exactly the same as when placed on the upper, the maximum 
current always occurring at about 3.6 cm., although the distribution 
of the ionization in the two cases is entirely reversed. 

These results, thus far, would therefore seem to show that the 
total ionization between two parallel plates due to a layer, or film, 
of radium in radio-active equilibrium reaches a maximum at a dis- 
tance of 3.6 cm. away from the active substance, instead of 7.1 as 
theory would demand. This conclusion is for weak ionizations 
where the amount of 7 rays present is too small to be considered. 
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Since in the case of a layer of radio-active material, the rays 
emerge equally in all directions, the quantity which passes vertically 
upwards is small compared to the total, and the ionization per unit 
volume near the radio-active plate much greater than near the 
other plate. The amount of ionization added per cm. as the dis- 
tance between the plates is increased, is consequently decreasing and 
may become so small as to finally cause very little change in the 
total amount, being offset in many cases by decreases due to other 
causes. Still one does not see why this should be great enough 
to cause the position of maximum current to drop to nearly one 
half the range of the a particle. 

In order to more fully test this latter point, the following exper- 
iment was tried. The upper plate 2 of the testing vessel was re- 
moved from the upright rod, and a plate of about 1 cm. diameter 
placed in its stead. In this small plate was cut a depression, on the 
bottom of which was placed a thin layer of radium cemented to the 
plate by shellac. The cone of rays from this made an angle with 
vertical of about 80°. The lower plate C was replaced by a brass 
hemisphere of 7.2 cm. radius, with its equator in a horizontal plane. 
The hemisphere was attached to the electrometer, and the rod con- 
taining the radium to the battery. 

In this arrangement when the radium is at the center of curva- 
ture of the hemisphere, the range of the a particles from the RaC 
at the surface will be about the same as the radius of the hemisphere, 
and therefore the total ionization should reach its maximum more 
abruptly than with the parallel plates. 

The obliquity of the rays ought now to be of less effect than 
before, and the position of maximum current approach more nearly 
to the range of the particle. 

The results of this experiment are plotted in curve F/, Fig. 4, 
which is seen to be of the same general shape as before with the maxi- 
mum current occurring at about 3.8 cm. The voltage used was 
350, which is quite sufficient for approximate saturation. The curve 
from 3.8 to 7.1 does not drop appreciably, but after 7.1 falls off 
quite rapidly reaching at 9.9 cm. a value about 84 per cent. of the 
maximum, 


A brass tube was then ‘placed vertically over the radium, so as to 


| 
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narrow down the cone of rays to about 40° vertical angle. The 
position of maximum current was now about 4.3cm. As the cone 
of rays is narrowed down the position of maximum current ap- 
proaches nearer to the range of the particle. 

The large portion of oblique rays thus seems to have a decided 
influence on the position of the maximum current. 

In the case of the parallel plates the greater proportion of the 
rays are projected obliquely to the direction of the electric field, 
which, as Bragg observes, may cause a greater difficulty in saturat- 
ing than if they were parallel. In the experiment with the hemi- 


90; | 
350| VOLTS 


VOLTS 


ION/ZAT/ON 


10 20 30 40 S50 60 70 80 40 1/00 
DISTANCE FROM SOURCE 


Fig. 4. 


sphere this will not be the case, since most of the rays will be par- 
allel to the electric field, which itself is more or less radial. 

In order to gain some further information with regard to the con- 
nection between obliquity of the rays and the position of the maxi- 
mum current the radium was placed below the lower plate C. For 
this purpose the brass plate C was replaced by a plate of fine gauze, 
through which the rays could pass. Under these conditions a great 
deal of the oblique radiation will be cut off by the wires of the 


gauze, while the vertical rays will not be affected to any great extent. 


The amount of radium used in this case had to be considerably 
greater than in the former experiments in order to obtain between 
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the plates 2 and C sufficient current to measure with accuracy. The 
(i rays now just began to make themselves felt, and where necessary 
their presence was allowed for in determining the total current due to 
the a rays. Experiments were made with the radium placed at dif- 
ferent distances below the gauze. The curves obtained are shown 
plotted in Fig. 5. They are not all drawn to the same scale, but 
arranged so as not to overlap one another. The curves at the great- 
est distances were obtained from stronger radium layers than those 
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at shorter distances. The position of the maximum current in each 
case is indicated by the large cross. 

From an examination of these curves we see that as the distance 
of the radium below the gauze increases, the position of the maxi- 
mum current continually approaches to that of the range of the a 
particle from RaC. At the surface of the gauze the maximum oc- 
curs at 3.6 cm, at a distance of 1.7 cm. below it is at 4.8 cm., 
while at 4.0 cm. below it has increased to 6.0 cm. 

This increase of the maximum position may be due to two causes. 
In the first place, as the distance between the radium and gauze in- 
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creases, the proportion of vertical rays gets greater and greater. 
Secondly, the distance between the gauze and upper plate of the test- 
ing vessel for maximum current continually decreases, and the ions 
produced there have a shorter and shorter distance to travel from one 
electrode to the other. 

A grid made of a number of small glass tubes arranged vertically 
was then placed over the radium. The tubes were 7 mm. in height 


and about .5 mm. internal diameter. These tubes allowed only 
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those rays which were nearly vertical to pass through. The strength 
of the radium had to be greatly increased, in order to get sufficient 
rays through for convenient measurement. The proportion of the 
ionization due to the )7 rays was quite considerable and had to be 
deducted from the total ionization to obtain the net leak caused by 
the @ rays. 

The results are expressed in Fig. 6, and are of the same char- 
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acter as those obtained without the tubes. The position of the max- 


imum, however, is much nearer to the range of the particle than 


before. When the distance between the radium and gauze is 7 mm. 


the maximum occurs at 5.7 cm.; when the distance is 12 mm. the 


position is at 6.5 cm., while at the distance of 20 mm. it is at 6.9 


cm. Beyond a distance of 20 mm. the position remains practically 


constant, the mean of several positions being 7.0 cm., which is 


about the same as the range of the X particle from RaC as obtained 


by the method of Bragg. Even with this arrangement of tubes 


when the radium is close to the gauze the difference between the 


position of maximum current and the range of the particle is very 


considerable. 


From these experiments with the gauze electrode we can conclude 


that the distance between two parallel plates for maximum current 


only becomes equal to the range of the particle when all the rays 


are normal to the radio-active surface. 


EXPERIMENTS WITH URANIUM OXIDE. 


In order to test whether the ratio between the positions of the 


maximum current for two different types of radiation is the same as 


the ratio of their range, a number of experiments were carried out 


with uranium. 
The uranium was finely powdered and then dusted over a plate 
covered with a thin coating of shellac. When dry the surplus 


uranium was tapped off leaving a comparatively thin and durable 


layer. This was placed between the plates B and C of the testing 


vessel, and readings made in the same manner as for the radium. 


In Fig. 7 are shown a number of the curves obtained for uranium 


z 


oxide. 
Curves 4 and # were obtained from thin layers of about 25 sq. 


cm. area. The shapes of these curves are about the same as for those 


of radium, except that they are somewhat straighter and the position 


of maximum current is defined more abruptly. This position occurs 
in curve 4 at I.g cm., and in Bat 1.8 cm. The mean position 


from a number of curves is about I.9 cm. 
If we substitute this value of @, in the equation, 


Rd, - , 7.06 x 1.9 
= qd? we obtain AX, = : 3.6 = 3.7 cm. 
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The value obtained by Bragg, making use of the stopping power 
of aluminum for the a rays, was in the neighborhood of 3.5 cm. 
The agreement between the two values is very good, considering 
the difference of the methods used. It also shows that the range 
of the a particle from uranium is very close to that of radium, if 
indeed not the same. 

Curve C was obtained from a layer about 1 mm. in thickness, 
and it is of a slightly different shape, being rounder, and not having 
its maximum position so well defined. 

In this case the ranges of the particle vary all the way from zero 
to the maximum, which will account for the shape of the curve. 

In curve D are plotted the values taken from Rutherford’s results 
on uranium oxide.’ Unfortunately he does not give any readings 
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beyond 1.5 cm., so one does not know the ultimate maximum of 
the curve, though from the shape of the portion here given, one 
can see that itis rapidly approaching a maximum not much different 
from that of the author's curves. 

These results for uranium would seem to show that the causes 
which make the position of maximum current between two plates 


1 Radioactivity, page 60. 
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different from the range of the a particle from the surface layer, 
are the same for uranium as for radium in radio-active equilibrium. 
Curves D and £ in Fig. 4 represent some readings for uranium 
oxide at different voltages. At 155 volts the curve drops a little 
from 3 cm. onward, but at 550 volts there is scarcely any drop. 


EXPERIMENTS WITH THORIUM OXIDE. 

A few experiments of the same nature were made with thorium 
oxide in radio-active equilibrium. The layers were prepared in the 
same manner as for uranium, and were of about the same area and 
thickness. 

The results for two experiments are shown in curves A and 2, 
Fig. 8. They are of the same general shape as those obtained for 
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radium and uranium, and both rise to a maximum at 2.9 cm. We 
therefore have for the range of the particle of greatest velocity from 


the surface layers, 


7.06 x 2. 
9 57cm. 


The particle of greatest velocity from thorium in radio-active 
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equilibrium is that of ThX which has according to the method of 
Bragg a range of 5.7 cm. ThC has a range of 8.6 cm., but would 
be in such small quantities in the present experiments that its effect 
would not be appreciable. Insome of the experiments the thorium 


oxide was placed below the gauze as in the experiments with 


radium. The results obtained were of the same nature as those for 


radium ; a gradual increase of the position of maximum current as 


the thorium oxide was moved away from the gauze. At a distance 


between the gauze and the radio-active layer of 8 mm. the position 


of maximum current had increased to 3.4 cm. The corresponding 


position for the radium layer was about 4.3 cm. Therefore we 
obtain 


7.060 X 3.4 
R,=‘* = 5.6 cm. 


DECREASE OF MAXIMUM PosITION OF IONIZATION WITH 
ABSORBING LAYERS. 


As stated in the introduction to this paper the range of the a 


article is decreased as layers of absorbing material are placed over 
D 


the radioactive surface. If there is a definite connection between 


the position of maximum current and the range, then this position 
should also decrease with the addition of absorbing layers propor- 


tionally to the decrease in the range. 


In order to test this a number of tests were made with the radio- 


active layer covered with various thicknesses of absorbing material. 
The materials used were aluminium leaf, tin-foil and tissue paper. 


The results for aluminium leaf placed over a radium film are 
shown in the curves of Fig. 9. The curves for the different thick- 
nesses all have the same shape, but rise to a maximum, which 
decreases with increasing number of layers. The fact that the shape 


of the curves is the same shows that all the particles, no matter 


what their velocities are, have their range cut down by the same 


amount, which is in good agreement with the results of Bragg. 


The decrease in the position of maximum current is approximately 
proportional to the thickness of the absorbing layer, being at 8 
layers equal to 6 mm. and at 16 layers to10.5 mm. The layers of 
aluminium leaf were not very uniform in thickness which will 
account for most of the irregularities in the results. 
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The curve 4 represents the variation of the total ionization with 
the thickness of absorbing layer. This isapproximately exponential 
and agrees with the well-known fact that the intensity of ionization 
for radium in radio-active equilibrium falls off exponentially with the 
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thickness of absorbing material. The lower horizontal scale repre- 
sents the thickness of the leaf in cms. 

In Fig. 10 is shown a similar set of curves for the radium 
layer of small area. The results are the same as in the case of the 
radium film, the decrease in position of the maximum being 10.5 
mm. for 16 layers of aluminium. The decrease of the total ioniza- 
tion in this case is also approximately exponential, but consider- 
ably greater than for the film. The reason for this is probably 
that in the layer the proportion of particles of short range is greater 
than for the film. 

In this figure is also shown a curve for one layer of tin foil, the 
decrease being 12.5 mm. Incurves / and C, Fig. 3, are repre- 
sented the readings for an absorbing layer of tissue paper. 

Some results for thorium oxide are shown in Fig. 8, 2’ that for 
four layers of aluminium, 2” that for one layer of tin foil, and A’ 
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that for one sheet of tissue paper. The decrease in the case of tin 
foil is 13.5 mm., about the same as for radium, which shows that 
the decrease of range of the a particle is the same for thorium 
and radium, that is, independent of the velocity of projection. 

For the uranium oxide layer the curves for 2, 4 and 8 layers of 
aluminium are shown in Fig. 7. The decrease of position of maxi- 
mum current is about 4.5 mm. for the 8 layers of aluminium. The 
curve & showing the relation between current and thickness of 
layer is for the uranium almost exactly exponential, the total ioni- 
zation being cut down to half value by a layer, .00022 cm. thick. 
If d@,’ represents the position of maximum current, for any thick- 
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ness of absorbing layer, then the range of the particle after going 
through this layer should be given by 


, 
ad 
and the loss of range by 
R(d,— da! 
R- R/= ( ) 


d 


For example in the case of the radium film, for 16 layers of alu- 
minium, @, = 3.6, @,’ = 2.55, d = 3.6, and RX = 7.06, therefore, 
7.06(3.6 — 2.55) _ 


R,—R, = 3.6 = 2.06 cm. 
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expressed in Table III. 
Tasce III. 


Radium Film with Aluminium as Absorber. 


Thick D Effecti 
4 .000848 0.6 cm. 121 ) 
8 .001696 1.22 
12 002544 16 « 1.37 (1-30 
.003392 1.39 


Radium Layer with Aluminium, 


001696 | 1.0 cm. 1.46 
16 003392 133 }1.38 
32 006784 43 1.36 


Tinfoil as Absorber. 


1 .00180 1.8 cm. 1.16 ) 1.09 
.00360 32° 1.03  ~ 


Crantum Oxide, Aluminium as Absorber. 


2 .000424 0.3 cm. 1.22 

4 .000848 0.6 121 

8 .001696 1.41 
Thorium, Paper as Absorber. 

1 .00180 1.7 cm. 1.09 


Aluminium as Absorber. 


1.21 


0.6 cm. 


Tinfoil as Absorber. 


.000790 2.6 cm, 2.60 
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From these losses of range the stopping power of the absorbing 
material can be calculated. This has been done and the results are 


As seen from the table the values of the stopping power of alu- 
minium for RaC, thorium, and uranium, are about the same. The 
mean value of the effective stopping power for aluminium is 1.33 
and of the atomic stopping power 1.40. The corresponding values 


Atomic 
Stopping Power. 


1.41 


1.37 


0.77 (carbon) 


™ | 
1 .000790 2.6 cm. 2.60 3.16 
Paper as Absorber. 
.000848 | | 1.52 
3.16 
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as obtained by Bragg are 1.23 and 1.53. The agreement of the 
values obtained by these two different methods is thus quite good. 
The mean value of the atomic stopping power for tin foil is 3.16, 
which agrees very well with Bragg’s value of 3.42. 

The effective stopping power of tissue paper is about 82 per cent. 
of that of aluminium. The effective stopping power of carbon as 
calculated from the atomic square root law of Bragg would be about 
1.20, which is close to that for paper. 

Since the stopping power of a substance is the same for the a 
particles of uranium and radium, it follows that the a particle of 
uranium is of the same nature as that of radium C, differing only 
in velocity. If we were to reduce the velocity of the RaC particle 
by an absorbing layer until the range was equal tothat of uranium, 
then the two particles should be the same in ionizing power. 

Bragg has deduced a theoretical formula for the relation of the 
current, between two parallel plates caused by a thick layer of radio- 
active material on the lower plate, to the loss in range due to an 
absorbing layer, which is as follows : 

| (R— DR — 3D) + 2D log, 

Here 2X is the range of the particle from the surface layer, D the 
decrease in A, normal to the surface, JV, /’, 2,, and s constants for 
the particular radiation concerned. When the radio-active material 
is uncovered, ) = o, and we have for the maximum current 

= AR*, where A= 
8s 
) 


(R — — 3D) + 2D" log, |. 


R: 

Curves can be plotted showing the relation between ¢// and 
DR. 

From this curve as given by Bragg,' and from the values of the 
total ionization as obtained in the present paper for the uranium 
oxide, I have calculated the product of density and thickness of the 
absorbing layer through which the rays can just penetrate. These 
values are shown in Table IV. 


1 Loc. cit. 
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TABLE IV. 


pd X 10°, i From Theoretical pd of Full Range 
/ urve, x 105, 
0 87 1.00 
424 51.6 326 
848 30.5 ae .24 353 
1696 8.0 .09 52 326 


Mean 335 


The value obtained by Bragg for uranium was .00456, which is 
considerably larger than that in the last column of Table IV., 
though the agreement of the three values in the last column indi- 
cates the correctness of the theoretical formula. 


ExcireD ACTIVITY OF THE ATMOSPHERE, 

A large number of tests were made on the excited activity of the 
atmosphere collected on different days and under different weather 
conditions. The activity was collected on a negatively charged 
wire and also on an uncharged one. As I have shown, in the 
paper referred to above, an uncharged wire suspended in the at- 
mosphere at Cincinnati has deposited on it a large quantity of soot 
which is quite radio-active. The rates of decay of the activity on 
an uncharged wire is the same as that on a charged one. 

The activity was rubbed off on to a piece of thin linen, and placed 
between the plates of the testing vessel. Readings of the current 
were taken for various distances between the plates, note being 
taken of the time of each observation. At regular intervals of time 
the plates were moved apart the same distance, generally 3.3 cm., 
and readings of the ionization taken. From these readings the 
rate of decay curve of the activity could be drawn. Then, know- 
ing the time at which any other reading was made, from this decay 
curve the current could be corrected for the decay of the activity. 

The null reading instrument used by the author was found very 
convenient for determining the decay of the activity, since with it 
the activity can be ascertained at the exact instant of time consid- 
ered. In practice the ionization of the standard was made a little 
less than that of the excited activity, and then as the activity grad- 
ually decayed the exact instant at which the two balanced could be 
read off on the top watch. 
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It is naturally much more difficult to decide on the position of 
maximum current in the case of a decaying activity, as the read- 
ings are more irregular and cannot be repeated like those for a 
steady activity. Still I think the position can be ascertained to 
within two or three mms. at least. 

In Fig. 11 are represented a characteristic set of curves for the 
excited activity of the atmosphere. Curves 4 5 and 6 are for an 
uncharged wire, while 1, 2 and 3 are for a negatively charged one. 
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Fig. 12 represents the decay curves for the above set, the num- 
bers of the curves corresponding. An examination of these decay 
curves shows that they are very irregular, the period (time taken to 
fall to half value) varying from 29 minutes for curve 4, to 43 min- 
utes for curve 2. Curves 4 and 6 are almost exponential with a 
period of 29 minutes and undoubtedly consist of a very large pro- 
portion of RaC. Curve 1 contains probably also RaC, while the 
others are probably mixtures of RaB and RaC. Very little thorium 
activity is present in any of these curves 

The curves in Fig. 11 are somewhat similar in shape to those 
obtained for radium in radio-active equilibrium, but are much 
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straighter in the first part. The radium curves rise to half value 
for a distance between the plates of about 8 mm., while those for 
the excited activity of the atmosphere do not rise to half value until 
a distance of 12 to 14 mm. has been reached. This shows that the 
excited activity contains a much greater proportion of rays of long 
range than does the radium. 

The position of maximum current for the activity from a charged 
wire varies from 3.6 to 3.9 cm. A large number of tests give a 
mean of about 3.8cm. The position for that from the uncharged 
wire varies from 3.3 to 3.5 cm. with a mean about 3.4 cm. There 
thus seems to bea small difference between the positions for the 
two cases. This may be due to the fact that the activity from the 
uncharged wire is much less in general than that of the charged wire, 
and consequently it is more difficult to determine the position of maxi- 
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Fig. 12. 


mum ionization. The ordinates for curves 4, 5 and 6 are multiplied 
by 4. 

Curve 7, Fig. 11, was obtained from the excited activity due to 
radium. A small metal plate was suspended inside a vessel containing 
radium emanation, and charged to a negative potential for three hours. 
It was then allowed to remain for another hour in the testing vessel 
before readings were taken, ‘this ensuring that the activity then re- 


| 
| 
+ 


320 S. J. ALLEN. { VoL. XXVITI. 


maining was practically all RaC. The decay curve of it was how- 
ever taken along with the other readings and corrections made for 
the decay of the activity in the same manner as described for the 
excited activity of the atmosphere. The decay curve was practi- 
cally exponential with a period of about 28 minutes. 

As can be seen from the figure the curve is almost identical with 
those for the excited activity of the atmosphere, having its maximum 
at 3.8 cm. 

The position of maximum current for the excited activity of the 
atmosphere is thus the same as that of RaC, and therefore we can 
assume that their ranges are the same. 

It seems definitely proven then, that the excited activity of the 
atmosphere always contain a product, existing often in large pro- 
portions, which is identical with radium C, having the same range, 
and same rate of decay. 

Curve 3, a, Fig. 11, represents a set of readings taken with the 
material of curve 3 covered with one sheet of tissue paper. The 
decrease of total ionizationin this case is about 34 per cent. and the 
loss of range 1.6cm. The stopping power of the paper as calcu- 
lated from this loss of range is 1.03, which is about the same as 
that obtained for the RaC. 

A large number of tests of the penetrating power of the excited 
activity of the atmosphere, made during the last two winters, shows 
that it never varies much, except when there is large proportion of 
thorium excited present, when it seems to decrease a little. A test of 
the penetrating power made on the excited activity of radium shows 
it to be the same as that of the atmosphere, the activity being re- 
duced to about 65 per cent. by one sheet of tissue paper. 


CONCLUSIONS. 

1. The distance between two parallel plates for maximum current, 
due to the ionization caused by a uniform layer of radio-active ma- 
terial on the lower plate, bears a definite relation to the maximum 
range of the @ particle from the surface of that substance. 

2. When the rays are allowed to emerge in all directions to the 
normal, this maximum position is much less than the range of the 
particle, being, roughly, one half. 
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3. When the oblique rays are cut off in any manner, the position 
of maximum current increases with the value of the range, and for 
normal projection is equal to it. 

4. There seems to be, even after apparent saturation is reached, 
a further decrease of current with increasing distance between the 
plates, the reason for which does not appear quite evident to me. 

5. Ifmaximum positions of current for two radio-active substances 
are observed, and the range of one is known, then the range of the 
other can be calculated from the ratio of the maximum positions. 

6. If layers of absorbing material are placed over the radio-active 
material, the position of maximum current decreases proportionally 
to the decrease of the range, and from this decrease the stopping 
power may be calculated, with results agreeing very well with those 
of Bragg. 

7. The maximum range of the a particle from the excited activity 
of the atmosphere is the same as that of RaC, which points to the 
conclusion that a great part of the excited activity of the atmosphere 
is always RaC, being often mixed with a portion of thorium excited 
and the other products of radium. 

8. The method described in this paper is especially adapted to 
radio-active substances of low activity, and would seem useful for 
those experiments in which the observer wishes to find the total 
ionization in different gases, since the plates cannot be placed as far 
apart as the range of the particle, thereby ensuring better saturation 
for the heavy complex gases. 

UNIVERSITY OF CINCINNATI, 

April 1, 1908. 
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ON THE CONDUCTANCE AND FLUIDITY OF FUSED 
SALTS. 


By H. M. Goopwin AND H. T. KAcmus. 


Contribution No. 27 from the Research Laboratory of Physical Chemistry, Massachu- 
setts Institute of Technology. 


e two recent articles the authors have independently published 

results of investigations on the variation of the conductivity 
and viscosity of fused salts over considerable ranges of temperature. 
In the first of these articles by Lorenz and Kalmus, Zeit. Phys. 
Chem., 59, 17, 1907, and 59, 244, 1907, the relation between the 
specific properties of the salts were particularly considered ; in the 
second, by Goodwin and Mailey, Puys. REv., 25, 469, 1907, and 
26, 28, 1908, not only the specific but also the equivalent proper- 
ties of the salts were determined and discussed. 

Both investigations included results on the specific conductance 
and viscosity of fused sodium and potassium nitrate ; these were 
found to be in excellent agreement and led the authors to the same 
conclusion, namely, that the reciprocal proportionality announced 
by Foussereau * between the specific conductance of a fused salt and 
its viscosity over wide ranges of temperature does not hold true. 

The data obtained by Goodwin and Mailey show, however, that 
if, instead,of the specific, the equivalent properties of the salts be 
compared, in a number of cases proportionality well within the 
experimental error holds between the equivalent conductance .1 
and the equivalent fluidity / over a hundred degrees or more of tem- 
perature ; in other words, the increase in the equivalent conductance 
of a fused salt with the temperature may be completely accounted 
for by an increase in the mobility of its ions if the latter quantity be 
assumed proportional to the fluidity of the medium through which 

1 This research was carried out under a grant from the Wm. E. Hale Research Fund, 
to the trustees of which grateful acknowledgment of the aid furnished by them is hereby 


made. 
2 Ann. d. Chim. et de Phys., 5, 359, 1885. 
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the ions move. Inthe case of other salts a slight decrease in the ratio 
Af was found as the temperature increased, indicating a possible 
decrease of dissociation of the salt with rising temperature. These 
results are best explained on the assumption of a high degree of 
ionization of the fused salt. 

We have now determined the densities of the salts previously 
investigated by Lorenz and Kalmus in order that their data on 
specific conductance and viscosity may be made available for cal- 
culating the corresponding values of the equivalent conductance 
and equivalent fluidity. This is of particular interest in view of the 
above-mentioned proportionality found in the case of the nitrates, 
as the new salts include lead chloride, and bromide (salts of a 
bivalent metal) and the still more complex salt potassium bichro- 
mate. <A discussion of these results forms the subject of the present 
paper. 

The densities were determined by the same method and apparatus 
as previously used and described by Goodwin and Mailey,' 7. ¢., by 
finding the loss of weight of a platinum ball when suspended in the 
fused salt. For details of furnace, thermo-electric measurement of 
temperature, etc., see reference cited. 

The results of the density measurements on each salt are given 
below, Tables I., II. and III., together with the equation of the 
line best representing them. From this line, values of the density 
have been interpolated for ten-degree intervals and the correspond- 
ing specific and molecular volumes calculated, Tables Ia, Ia, IIIa. 
From these values together with those referred to above on specific 
conductance and viscosity, values of the equivalent conductance, 
4 = specific conductance x equivalent volume, and of the equiva- 
lent fluidity, f= Fluidity/Equivalent volume, have been computed. 

These, together with their ratio .1/f, are given in tables, IV., V. 


and VI. 


1Puys. REV., 25, 478, 1907. 
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TABLE I. 
Density of PbCl, Referred to H,O at 4° C. 


Temperature. Density Observed. Density Computed. Difference. 
525° 4.972 4.973 0.001 
551 4.931 4.933 0.002 
565 4.911 4.911 0.000 
593 4.869 4.865 0.004 
615 4.836 4.837 0.001 


D, = 4.934 [1 — 0.000304 (¢-- 550)]. 


TABLE Ia. 
Specific and Molecular Volumes of PbCt,. 


498 M.P. 5.013 0.1995 55.42 
500 5.010 0.1996 55.45 
510 4.995 0.2002 55.60 
520 4.980 0.2008 55.79 
530 4.964 0.2014 55.95 
540 4.949 0.2020 56.11 
550 4.934 0.2026 56.28 
560 4.918 0.2034 56.50 
570 4.904 0.2039 56.65 
580 4.890 0.2045 56.81 
590 4.874 0.2051 56.98 
600 4.859 0.2058 57.19 

— 610 4.844 0.2064 57.35 

TaBLe II. 
Density of PoBr, Referred to H,O at 4°C. 

: Temperature. Density Observed. Density Computed. Difference. 
373 5.820 5.821 0.001 
398 5.779 5.780 0.001 
420 5.738 5.738 0.000 
488 5.609 5.610 0.001 


D, = 5.680 [1 — 0.000333 (¢— 540) ]. 
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Temperature. 


372 M.P. 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 


Temperature. 


411 
433 
477 
510 


Temperature. 


397 M.P. 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 


TABLE IIa. 


Specific and Molecular Volumes of PbBry,. 


Density Observed 
from Plot D. 
5.832 
5.816 
5.796 
5.758 
5.738 
5.729 
5.700 
5.681 
5.661 
5.644 
5.624 
5.604 


TABLE III. 


Density of K,Cr,O, Referred to H,O at 4°. 


Density Observed. 


2.289 
2.274 
2.246 
2.216 


D, = 2.262 [1 — 0.000327 (¢— 450) ]. 


325 
Specific Volume Molecular Volume 

S== 23/D. @ = MS. 
0.1715 62.9 

0.1719 63.0 
0.1725 63.2 
0.1729 63.4 
0.1739 63.6 
0.1742 63.8 
0.1747 64.1 
0.1753 64.4 
0.1758 64.6 
0.1764 64.8 
0.1769 64.9 
0.1775 65.1 
0.1781 65.2 

Density Computed. Difference. 

2.291 0.002 

2.274 0.000 

2.248 0.002 

2.218 0.002 


TABLE IIIa. 


Specific and Molecular Volumes of K,Cr,0;. 


Density Observed 
from Plot J. 
2.302 
2.300 
2.293 
2.285 
2.277 
2.269 
2.262 
2.255 
2.247 
2.240 
2.233 
2.225 
2.218 
2.210 


Specific Volume 
‘ 1/D. 
0.4345 
0.4348 
0.4362 
0.4378 
0.4394 
0.4411 
0.4422 
0.4436 
0.4453 
0.4464 
0.4479 
0.4496 
0.4512 
0.4525 


Molecular Volume 


MS. 


127.9 
128.0 
128.4 
128.9 
129.4 
129.8 
130.2 
130.5 
130.8 
131.3 
131.6 
132.3 
132.9 
133.2 
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TABLE IV. 
Lead Chloride. Equivalent Conductance and Fluidity. 
Temperature. A As 
500 39.24 0.6650 58.5 
510 41.40 0.7224 57.5 
520 43.34 0.7960 54.5 
530 44.98 0.8422 53.3 
540 46.39 0.8970 52.0 
550 47.87 0.9484 50.5 
560 49.36 0.9958 49.5 
570 50.08 1.041 48.0 
580 52.10 1.084 46.5 
590 53.45 1.117 45.0 
600 54.70 1.152 44.0 
610 55.85 1.187 42.5 F 
TABLE V. 
Lead Bromide. Equivalent Conductance and Fluidity. 
Temperature. A Alf 
380 18.88 0.3574 52.0 
390 20.31 0.3850 52.0 
400 21.56 0.4112 52.0 
410 22.69 0.4370 51.0 
420 23.86 0.4742 50.0 
430 25.09 0.5000 49.8 
440 26.28 0.5320 49.0 
450 27.46 0.5693 48.0 
460 28.60 0.6034 47.0 
470 29.74 0.6485 45.9 
480 30 84 0.6913 44.5 
490 31.94 0.7408 43.2 


Table VII. contains in abbreviated form a resumé of the results 
previously obtained on the nitrates and presented here for com- 
parison. 

Inspection of the values of Jf in Table VI. shows that the con- 
stancy of the ratio observed in the case of the nitrates and their 
mixtures, Table VII., obtains also approximately in the case of the 
much more complex salt potassium bichromate. Over a temperature 
interval from 40° C. to 510° C. the average percentage variation 
of the mean, 119, is about 1 per cent. The value of the constant 
is characteristic of the salt and is approximately twice as great as 
that for the nitrates. In the case of lead chloride and lead bromide, 
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TABLE VI. 
Potassium Bichromate, Equivalent Conductance and Fluidity. 
Temperature. A Alf 
400 12.99 0.1188 109 
410 14.47 0.1258 115 
420 15.70 0.1328 118 
430 16.92 0.1407 120 
440 18.19 0.1514 120 
450 19.41 0.1567 124 
460 20.66 0.1664 123 
470 21.88 0.1774 124 
480 22.45 0.1892 121 
490 24.41 0.2022 121 
500 26.19 0.2158 119 


510 27.06 0.2322 117 


Tasie VII. 


sai, Temperature Corresponding ean Value. | Average Pur Gent. 
KNO, 340-500 52.3-51.4 51.8 0.5 
NaNO, 340-460 56.1-51.8 54.1 2.0 
AgNO, 230-350 57.2-54.0 55.5 1.6 
{ 5 mols KgNO, 340-450 49.7-49.1 49.4 0.6 
(5 mols NaNO, 
8 mols KNO, 340-450 49.8-50.3 50.1 0.3 
| 2 mols NaNO, 


Tables V. and VI., the ratio .1/f decreases noticeably with rising 
temperature. For the former salt the decrease per 100° is about 
25 per cent. of its value at 500°. For the latter, lead bromide, the 
decrease per 100° is about 14 per cent. of its value at 380°. This 
decrease in the ratio is analogous to that previously observed in the 
case of lithium nitrate and to a less degree in sodium and silver 
nitrate (Table VII.). The mean value of the ratio 17 for the lead 
salts is approximately the same as that for the nitrates. 

It would seem therefore that we are justified in concluding from 
these data that, within the estimated resultant experimental error 
of the viscosity, conductivity, density and temperature measure- 
ments, equivalent conductance and equivalent fluidity are properties 
which vary proportionally over wide ranges of temperature in the 
case of fused potassium and sodium nitrates and their mixtures, 
silver nitrate and potassium bichromate. The sign of deviations of 
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observations indicates moreover that the equivalent fluidity tends to 
increase more rapidly than the equivalent conductance. This effect 
is quite marked in the case of lead chloride, lead bromide and 
lithium nitrate, although owing to the chemical properties of these 
salts, the precision of the results obtained with them is considerably 
less than that of the results obtained with the first mentioned salts. 


SUMMARY. 

1. The density and molecular volume of lead chloride, lead 
bromide and potassium bichromate have been determined over a 
temperature interval of 100—150° in order that the equivalent prop- 
erties of these salts might be calculated from their known specific 
properties. 

2. The equivalent conductance and equivalent fluidity were com- 
puted from the data of Lorenz and Kalmus and their ratio compared 
with similar data recently published by Goodwin and Mailey. The 
ratio 1 / was found to be nearly constant over a temperature interval 
of 110° for potassium bichromate ; for lead chloride and lead bro- 
mide it decreased with rising temperature. 

3. From the above results and those previously obtained on the 
alkali and silver nitrates it appears that the ratio .1./ for a given salt 
over a temperature interval of from 100-150° above its melting 
point is either constant or decreases with increasing temperature. 
The increase in conductivity of these salts with rising temperature 
may be fully accounted for by the increase in their fluidity. For 
those salts for which the equivalent fluidity increases more rapidly 
than the equivalent conductance it seems probable, as already 
pointed out, that the number of carriers decreases with rising tem- 
perature as in the case of other highly dissociated salts in water at 
high temperatures. 

4. While the data do not afford a means of quantitatively deter- 
mining the degree of dissociation of fused salts they do indicate a 
high rather than a low degree of ionization. It seems probable that 
a large number of carriers rather than a great migration velocity ac- 
counts for the high conductivity of these substances. Other experi- 
mental evidence of a distinctly different character leading to this 


same conclusion will be published shortly. 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 


May, 1908. 
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NOTE ON THE REPRODUCIBILITY OF 
CADMIUM CELLS. 


By P. I. Wo.p. 


HE department of physics at Cornell University was in need 

of a new supply of standards of E.M.F. some three years 

ago and to supply this need the author undertook the matter of 
constructing several. 

Seventeen cadmium or Weston cells were set up during the 
winter of 1905 and 1906, in which the specifications as given by 
Carhart and Hulett in the Transactions of the American Electro- 
chemical Society, Vol. V., 1904, p. 59, were followed pretty closely. 

The mercury used in most of the cells was triply distilled under 
a pressure of 1.5 to 2.cm. of mercury. The Hg,SO, was prepared 
electrolytically in a solution of H,SO, (1 to6 by volume). Current 
densities of .1 and .3 ampere per square decimeter were used. 
Before mixing into a paste the Hg,SO, was washed with absolute 
alcohol and finally with a saturated solution of CdSO,. 

A 12.5 per cent. cadmium amalgam, prepared electrolytically, 
was used. The cadmium was c.p. metal obtained from Eimer and 
Amend. 

It has been stated by some chemists that mercury purified chem- 
ically is as good for all purposes as distilled mercury. With the 
possibility in view that the rather laborious process of distillation 
might be avoided it was decided to test this by using chemically 
purified mercury in some of the cells. The purification consisted 
in running the mercury through a small capillary tube, so as to 
break the mercury into very small drops, then into a column of 
HNO, and finally through a cleaner consisting of concentrated 
H,SO, over Hg,SO, placed in a separatory funnel. 

As regards the use of this chemically purified mercury no very 
definite conclusions can be drawn for the cells made with this vary 
almost as much among themselves as cells made by the two differ- 
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ently prepared samples of mercury. It seems, however, in looking 
over the values that the cells made with the chemically purified 
mercury had a lower initial E.M.F. than the cells made with the 
distilled mercury. As time went on the difference decreased but 
the cells with the chemically purified mercury had a value about 6 
parts in 100,000 lower when they were 6 months old. Since the 
impurities, if any, were entirely unknown no explanation can be 
given but the results indicate that, for such accuracy as is now ex- 
pected from standard cells, reliance cannot be placed on the chem- 
ically purified mercury. 

It was stated by Carhart and Hulett, in their article cited above, 
that the cells should have their final value for E.M.F. within a few 
hours after being set up. The author found that these cells started 
with a value from 30 to 40 units low and that it took a week for 
them to reach approximately constant values. The unit referred to 
here, as elsewhere in this article, is 1/100,000 of a volt. 

Most of these cells have been distributed around the laboratory 
here to supply the needs in various lines of work and therefore no 
more readings have been taken on them for some time. 

In the year 1906 and 1907 twenty more cells were set up in 
which entirely new materials were used. In this case triply distilled 
mercury was used in all of the cells. The Hg,SO, was again pre- 
pared electrolytically, the current density varying from .4 to 3 
amperes per square decimeter. The electrolyte was H,SO,, 1 part 
acid to 6 parts water. 

Through the kindness of Professor Hulett, of Princeton Univer- 
sity, the author received some Hg,SO, prepared electrolytically at 
Princeton and 6 cells (51 to 56) were set up using this Hg,SO,,. 

A 12.5 per cent. cadmium amalgam was used, the amalgam for 
some of the cells being prepared electrolytically and for others 
being prepared by melting the proper amounts of mercury and 
cadmium together in a saturated solution of CdSQ,. 

The CdSO, used was c.p. obtained from Eimer and Amend, and 
before using was dissolved and recrystallized. Considerable diffi- 
culty was experienced in getting as many clear crystals as were 
desired and finally some of the cells were set up in which cloudy 
crystals were used. 
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The method of introducing the material into the H-tubes and of 
sealing them off hermetically by a small blast lamp was practically 
the same as has been described in detail in various papers. 

The cells are numbered consecutively from 40 to 59 and differ 
from each other as shown in the following table in which the data 
after the numbers show the peculiarities of the material used in that 
cell. 

The cells have not been kept in a constant temperature bath but 
have been placed ina bath of kerosene. No attempt is made to 
keep the bath at constant temperature but the measurements are 
made in an interior basement room in which the maximum temper- 
ature variation for a week is probably not over 4 degrees centigrade 
and the changes which do take place are very slow. 


Hg,SO, Cadmium Amalgam. CdSO, Crystals. 
*) 3 amperes Prepared electrolytically Clear 
41> 

42 ) per dem, 
43 


44 1 
45 ampere 


46 
47 


48 
49 oe Melted 


50 
51) Hulett’s 
52! Hg,SO, 


Electrolytic 


53 Melted 
54} Electrolytic Cloudy 
55) 
56 sin Melted 
57 

.4 ampere Clear 
58 4 am 
59 Cloudy 


The effect of the size of the CdSO, crystals on the temperature 
lag of the cells is quite noticeable. In the last set of cells, from 40 
to 59 inclusive, the free crystals are ground almost to a powder, 
thus giving a large area of contact with the liquid and permitting a 
fairly rapid return to saturation of the CdSQ, solution, and so to 
equilibrium, after a temperature change. 

In the cells set up the previous year the free CdSO, crystals 
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were, roughly, about 2 mm. in diameter and these cells show a 
very much larger temperature lag than do the more recent cells. 
So much so in fact that, although they may be at the same tem- 
perature, the difference in the lag or hysteresis alone will cause an 
apparent variation between the two sets of cells of 4 or 5 hundred- 
thousandths of a volt ; whereas each set, within itself, shows much 
smaller variation. This variation between the two sets will be plus 
or minus according as the temperature is rising or falling. 

The E.M.F. of the cells was quite low when they were set up, 
which seems to be contrary to what others have found. The aver- 
age E.M.F. of all the cells, taken within a few hours after setting 
up was about 1.01720 volts and they now have an average value 
of about 1.01890 volts. It is possible that the exceptionally low 
values at the beginning was due to an accidental short-circuiting of 
all the cells which occurred right after they were set up. For a 
time it was feared that the cells had been ruined entirely but they 


gradually rose in value and now agree very well indeed with the 
cells set up at the Bureau of Standards in Washington, D. C. 
Some more recent work on the short-circuiting of cadmium cells 
would indicate that had the low initial value been due to short- 
circuiting they should have returned to normal value almost entirely 
in a few hours and entirely so in a few days whereas it took these 
cells a full month to do so. For this reason there is good cause 
to doubt if these very low initial values were due entirely to the 
accidental short-circuiting. 

Since that time, as shown in the appended table, the cells have 
remained constant to a surprising degree considering that no attempt 
has been made to keep them at constant temperature. Probably a 
large part of the small daily variations is due to the fact that the 
individual cells differ slightly in temperature lag. 

These twenty cells were set up in the first week of April, 1907. 
Five of them, 40, 41, 54, 56 and 58, have been distributed in the 
laboratories for general use. In June, 1907, several of these cells 
were taken to the Bureau of Standards at Washington for compari- | 
son with the bureau cells. They remained there till the middle of 
September so that a fair comparison was obtained. One cell, 57, 
developed a material drop during the summer and was left with Dr. 
Wolff, of the bureau, for further observation. 
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TABLE I. 


Mean of 42, 46, 49, 50, 55, W159 Taken as 1.01890 Volts. Reading = ( X— MM). 
Unit = 1/100,000 Vole. 


Cell. May Juneg, Sept.30, Oct.12, Nov.4, Dec.13, March) March April 
1907. 


1907. 1907. 1907. 1907. 1907. 13, 19¢8. 23, 1908. 25, 1908. 
46 0 0 0 oi 423) 
50 0 2 + 2 2 + 2 
Temp. 19.2° 23.0° 22.5° 23.0° 22.0° | 23.1° | 22.4° | 20.8° 


The table gives the values of the E.M.F. of the remaining 
14 cells, the readings showing the deviation of a cell from the 
mean of the six cells, 42, 46, 49, 50, 55 and W159. _ The first five 
cells are those which had been compared at the bureau during the 
summer, as mentioned above, and W159 is a cell made at the bureau 
and kindly presented to Cornell University. The mean of these six 
cells, as given by the Bureau of Standards, is very nearly 1.01890 
volts and this has been taken as their mean. The units used in the 
table are hundred-thousandths of a volt. 

In taking the measurements a Wolff potentiometer was used with 
a Sullivan galvanometer. Readings to hundred-thousandths of a 
volt could be taken with perfect definiteness and the readings could 
be estimated to a tenth of this, 7. ¢., to microvolts. While the 
readings were actually made to microvolts there hardly seems to be 
justification for giving them inasmuch as no constant temperature 
bath was used for the cells. For this reason the readings in micro- 
volts have been rounded out to the nearest value in hundred-thou- 
sandths ofa volt. 
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It must be remembered, of course, that since the temperature 
was changing, more or less, continually the E.M.F.s of the cells 
have not remained constant but having gone through the same tem- 
perature change and, due to similarity in construction, having about 
the same temperature lag it has been possible to take a fair com- 


parison of the cells. And, as mentioned before, the comparison of 
this group of cells with the cells made in the previous year has been 
of very little use because of the large difference in their temperature 
lag. | 

It would seem, from the values as given in the above table, that 
with a little practice and a due amount of care, cells may be set up 
in any laboratory which will agree with those set up elsewhere to 
within a few parts in 100,000. It is important at this stage in the 
development of the cadmium cell that they should be set up in as 
many places as possible in order that data on their reproducibility 


may be at hand. The author gives this as his reason for publish- 
ing the work on those cells. 


PHYSICAL LABORATORY, 
CORNELL UNIVERSITY. 
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PROCEEDINGS 


OF THE 


AMERICAN PHYSICAL SOCIETY. 


MINUTES OF THE Forty-SECOND MEETING. 


JOINT meeting of the American Physical Society and of Section B 

of the American Association for the Advancement of Science, was 

held in the Wilder Laboratory of Dartmouth University, Hanover, N. 
H., on June 30, 1908. President Edward L. Nichols presided. 

The following papers were presented : 

Light Pressure on Black Surfaces and on Thin Plates of Glass (with 
experimental demonstration). G. F. HULL. 

Changes in Density of the Ether, and Some Optical Effects produced 
by it. CHarRLes F, Brusu. 

On Oscillations in the Metallic Arc. W. G. Capy. 

A Study of Overcast Skies. EEpwarp L. NICHOLS. 

Demonstration of Wilson’s Cloud Experiment, etc. G. F. HULL. 

The Influence of Temperature on the Fluorescence of Uranium Glass. 
R. C. Gipps. 

Some Electrical Properties of Silicon. FRANcEs G. WIck. 

A Study of Short-time Phosphorescence. C. W. WAGGONER. 

An Experimental Study of the Recovery of Selenium Cells. L. S. 
McDowe Lt. (Read by title.) 

A Comparative Investigation of Dispersion and Electric Double Refrac- 
tion in Liquids. H. E. McComp. (Presented by Professor C. A. 
Skinner. ) 

Electromagnetic Mass and Energy. Dantev F. Comstock. (Read 
by title. ) 

Effects of Absorbed Hydrogen and of Other Gases on the Photoelectric 
Activity of Metals. V.L. Curister. (Presented by Professor C. A. 
Skinner. ) 

A New Method for Determining the Difference of Potential between a 
Metal and a Solution of One of its Solids. A. W. Ewe tt. 

The Isothermal Layer of the Atmosphere. W. J. HUMPHREYs. 

Coefficients of Expansion at Low Temperatures. H. G. Dorsey. 

A. D. COLEe, 
Secretary of Section B, A. A. A. S. 


ti 
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A CoMPARATIVE INVESTIGATION OF DISPERSION AND ELECTRIC 
DousBLeE REFRACTION IN LigurpDs.!' 
By H. E. McComs. 


HE refractive indices and the double refraction in an electric field 
have been measured throughout the visible spectrum for six dif- 
ferent liquids. These are carbon bisulphide, benzol, nitro-benzol, nitro- 
toluol, di-methyl-aniline and di-ethyl-aniline. The refractive indices 
were obtained by the spectrometer; the double refraction by a Brace 
half-shade elliptic polarizer and compensator. The compensator was 
calibrated by first measuring the strength of field required to produce a 
relative retardation of one wave, then measuring that required to produce 
a ‘*match’’ with the compensator set at different azimuths. Kerr’s law 
that the relative retardation is proportional to the square of the field 
strength was then used to calculate the value represented by the various 
azimuths of the compensator. Both carbon bi-sulphide and nitro-benzol 
were used as calibrating liquids. 

Kerr’s law states that C=A- 2’, 
in which 3 = relative retardation in waves, /’= difference of potential 
between the plates of the condenser of which the liquid tested forms the 
dielectric, @ = the distance apart of the plates, /= the distance traversed 
in the electric field by the ray of light, and 2 = a constant. 

Kerr’s conclusion that B varies as 4~} for a given liquid has been 
proved incorrect by both Blackwell and Hagenow. 

In this investigation the attempt is made to discover if it be associated 
with the region of optical resonance. To associate it with the refractive 
index curve appears to be the most promising method of procedure. By 
plotting the refractive index » with wave-length /, and also the corre- 
sponding curve for 4, the following relation is found to hold with five of 
the six liquids investigated. The results from the sixth are not contra- 
dictory, simply erratic: For a given liquid the slope of the B-curve is 
proportional throughout the spectrum fo the slope of the refractive index 
curve at the same wave-length. Expressed mathematically 


OB/OA = 
Expressing # in terms of the refractive indices », and », for the waves 
vibrating respectively parallel and perpendicular to the electric force, 


; 
CA A CA j 


in which ¢, and ¢, are constants for the liquid. 


' Abstract of a paper presented at the Hanover meeting of the Physical Society, June 


30, 1908. 
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LEPPIN & MASCHE 


17 Engelufer Berlin, S. O., Germany 


Factory of Scientific Instruments 


High Frequency Apparatus, complete set with @ 
Accessories, $22.50. | 
Coil with Helium Tube and Vacuum Tube to 

25 \ 


show various nodes and loops with great accuracy, 


$16.50. 


(This Apparatus to 
be worked by above 
high frequency Ap- 
paratus.) Induction 
Coil to work above 
Apparatus with De- 
sprez break and com- 
mutator by a 4-volt 


battery. 
$36.00 


HARTMANN & BRAUN, A.-G.FRANKEORT-ON-MAIN 


Manufacturers of 


Electrical, Magnetic and Optical Measuring 
Instruments for all Purposes 


| HIGHEST ACCURACY 
FIRST-CLASS WORKMANSHIP 


KOHLRAUSCH’S PORTABLE INTENSITY VARIOMETER 
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Imported Books on Physics, Electricity, Etc. 


BARTON.—-A Text-Book on Sound. By EpwWIN H. D.Sc. (Lond.). 
Svo, 2vt+687 pages, with wllustrations. $3.00 net. 
GARNETT.—Turbines. By W. H. StuaRT GARNETT. With 83 Illustrations. 
14+283 pp. Svo, cloth, $2.75 net. 
HAWKINS and WALLIS.—The Dynamo: Its Theory, Design and Manufacture. By 
C. C. HAWKINS, M.I.E.E., and F. WALLIs, A.M.I.E.E., Fourth edition. 
12mo, x111+925 Pp. 413 tllustrations, Cloth, $3.00 net. 
HIBBERT.-Electric Ignition for Motor Vehicles. By W. HIBBERT, Polytechnic 
Institute, London. 16mo, 128 pp. 50 cents net. 
HOBART. — Elementary Principles of Continuous-Current Dynamo Design. By 
H. M. HOBART. With 106 illustrations. Cloth, Svo, +220 pp. $3.00 net. 
Electric Motors, Continuous Current Motors, and Induction Motors. By H. 
M. HOBART. Svo, cloth, $5.00. 
HOBART & ELLIS.—Armature Construction. By H. M. Hopart and A. G. ELLIs. 
With 420 illustrations, including numerous colored diagrams. 
Decorated cloth, ta +348 pp., index, Svo, $4.50. 
RIDER.—Electric Traction. A Practical Handbook on the Application of Electricity 
as a Locomotive Power. By JOHN HALL RIDER. With 194 illustrations. (The 
Specialist’s Series. ) 16+453 pp. 12mo, cloth, $3.00 net. 
STEVENS and HOBART.—Steam Turbine Engineering. By T. STEVENS and H. M. 
HoBART, Author of ‘‘ Electric Motors,’’ etc. With 516 illustrations. 
a+S814 pp. Svo, cl., $6.50 net. 
STILL.—Polyphase Currents. By ALFRED STILL, Author of ‘‘ Alternating Currents 
and the Theory of Transformers.’’ With many diagrams, 352 pp. $2.50. 
TURNER and HOBART. — The Insulation of Electric Machinery. By HARRY WIN- 
THROP TURNER, Associate, A.I.E.E., and HENRY METCALF Hopart, M.I1.E.E., 


M.A.I.E.E. With 162 illustrations. avi+207 pp. Svo, tllustrated, $4.50 net. 
Carriage of ‘‘net” books ts untformly an extra charge. 
THE MACMILLAN COMPANY, Publishers, 64-66 sth Ave., N. Y. 


School Supplies 


Are you entirely satisfied with the supplies your 
students are using? Many find they can send to us 
for supplies and save money. You might ask the 


dealers to get from us. Some schools do this. 


Cornell Co-operative Society 
Ithaca, N. Y. 
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Established 1845. Incorporated 1goo. 


W.&L. E.GURLEY, 


TROY, N. Y. 


Civil Engineering and Physical Instruments, 
Standard Weights and Measures, 


Accurate Thermometers. 


Mechanical, Optical and Electrical Test Instruments fos 
College Research and Technical Laboratories. 
Safe delivery of all apparatus guaranteed. 
Catalogues and information on request. 


JUST READY 
General Physics 


AN ELEMENTARY TEXT-BOOK FOR COLLEGES 
By HENRY CREW, Ph.D. 


Fayerweather Professor of Physics in Northwestern University. 
Cloth, 8vo, 522 pages, tllustrated, $2.75 net, by mail, $2.94. 
An elementary treatment including the fundamental principles of physics. 


The author has succeeded in providing a text-book which is adapted to the 
needs of college students of both classes ; those with and those without pre- 
liminary training in physics in the secondary schools. 

The author aims not merely, or even mainly, to impart information, but 
to set before the student a large and compact body of truth obtained by a 
method which shall remain for him throughout life a pattern and norm of 
clear and correct thinking. 

The problems are numerous and so varied and connected with matters of 
everyday experience that they are exceptionally interesting. Throughout 
the book is admirably balanced in plan and scope. 

The book as a whole is uncommonly well made with extra-sewed flexible 
back lying open easily. Its type is clear and agreeable to the eye. Alto- 
gether the book is one which should be carefully examined by all college 
instructors offering courses to the first-year students of elementary physics 
before the beginning of a new school year. 


“‘T have examined it closely enough to see that it is far superior to any 
book in the English language of a grade suitable to my first-year students.”’ 
J. C. Hupsarp, Clark CoHege, Worcester, Mass. 


Published by THE MACMILLAN COMPANY, 64-66 Fifth Ave.,N.Y. 
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WIRELESS APPARATUS 


Transformers Condensers Spark Gaps 
Variable Resistances Oscillation Transformers Variable Inductances 
We are designers and manufacturers of the above instruments and complete wireless telegraph outfits for ex- 


perimental and commercial use. 
We should be pleased to furnish estimates for any experimental apparatus for use with oscillating currents. 


CLAPP-EASTHAM COMPANY, 728 Boylston St., Boston, Mass. 


THEORY IS ALL VERY WELL, 


and we are not afraid to state that the theory of the ATWATER KENT SPARK GENERATOR 
is absolutely correct. 

But correct theory does not always mean perfect service. The strongest feature of the 
ATWATER KENT SPARK GENERATOR is its remarkable steadiness and reliability in actual 
service under the hardest conditions. It is so designed that, in the ordinary sense of the term, 
it does mot wear out. It is built to outlast the car, and such wear as takes place does not affect 
its performance. Even the platinum points, making but one contact per ignition, do not get 
hot enough to burn and never require filing. 


ATWATER KENT MFG. WORKS, 54 N. Sixth St., Philadelphia 


IN THE LABORATORY OR 
ON THE TESTING FLOOR 


Systems of electric motor control are a 
necessary part of the equipment. 


WE ARE PREPARED TO EQUIP 
LABORATORIES OR TESTING DEPARTMENTS 


with any form of electric control system-=- 
automatic or manually operated, direct or 
alternating current. Let us know your 
requirements. 


THE CUTLER-HAMMER MFG. CO. 


MILWAUKEE, WIS. 


NEW YORK BOSTON CHICAGO PITTSBURG 
136 Liberty Stree‘ 176 Federal Street Monadnock Bidg. Farmers Bank Bldg. 
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~The 
New Weston 


Alternating Current 
Switchboard Ammeters 
and Voltmeters 


will be found vastly superior in accuracy, durability, workmanship and 
finish to any other instrument intended for the same service. 

They are Absolutely Dead Beat, and Extremely Sensitive. 

Their indications are Practically Independent of Frequency and also 
of Wave Form. 

They are Practically Free From Temperature Error. 

They require Extremely Little Power to Operate Them, and They 
Are Very Low in Price. 


The New Weston Portable 
Alternating Current Ammeters 
Milli-Ammeters and Voltmeters 


possess the same excellent characteristics. 

The performance of all these instruments 
will be a revelation to users of alternating 
current apparatus. 


New Weston Eclipse 
Direct Current Switchboard 
Ammeters, Milli-Ammeters 

and Voltmeters 


: but they possess so many novel and valuable 
dientiediticn as to practically*eenstitute a new type of instrument. 
They are exceedingly cheap, but are remarkably accurate and well 
made, and nicely finished instruments, and are admirably adapted for 
general use in small plants, where cost is frequently an important con- 
sideration. 
Correspondence concerning these new Weston instruments is 
solicited by 


WESTON ELECTRICAL INSTRUMENT COMPANY 


Waverly Park, Newark, N. J., U. S. A. 


are of the “‘ soft-iron ’’ or Electro-magnetic type ; 
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